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PRELIMINARY CONSIDERATIONS. 


Tue development of a hitherto sparsely-populated area to the south- 
~ east of Birmingham, lying at a comparatively low level, necessitated, 
in 1934, the construction of a trunk sewer 73 miles long, large enough 
to convey the sewage from an eventual population of 335,000. It 
necessitated also the construction of sewage-purification works 
(Fig. 1, p. 324) to treat the sewage from an existing population of 
~ 50,000, the layout being such as to allow the works to be extended 
from time to time as the contributing population increases up to 
| a maximum of 335,000. 

An area of land alongside the river Tame was available as a site 
- for the works. At this point on the river the sewage could be 
discharged after treatment without pumping, provided that the 
treatment was carried out in tanks, with resulting economy of head, 


nd not on bacteria-beds. 


Character of Sewage to be Treated. 

It was estimated that the sewage would be chiefly of a domestic 

character, and would be readily capable of complete treatment by 
; age td See ks 

+ Correspondence on this Paper can be accep 
38,—Actine Szc, Inst. C.K. 


“ 
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ted until the 15th April, — 
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means of activated sludge. However, as for some years the sewage 
from a small population would be conveyed by a comparatively large 
sewer, it would be retained therein for so long a period that its 
effective treatment would at times be somewhat difficult. These 


600 feet. 
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circumstances would at first be accentuated by the tipping into 
trunk sewer of large quantities of cesspool-waste from districts ni 
yet provided with sewers. 
_ The extent to which the sewage is likely to alter in future may b 
judged by studying the recent history of the Birmingham Tame 
Rea District Drainage Board’s Yardley works. The average stren 
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_ of the crude sewage in the year 1925, as indicated by the amount of 
_ oxygen absorbed from potassium permanganate in 4 hours, was 
6:73 parts per 100,000, but the sewage now contains considerable 
trade waste and may be described as “strong.” The average 
strength of the crude sewage at the Yardley works during 1935 was 
13-4 parts per 100,000, and in dry weather during the months of 
_ January and June the strength was 19-4 and 18-6 parts per 100,000 
" respectively. 


| ‘The Process selected for the Purification of the Sewage. 


KA The works include aeration-tanks for the treatment of the sedi- 
- mented sewage by means of activated sludge. In the design of the 
_ plant provision has been made for the improvement of the sewage 


to the utmost practicable extent before it reaches the oxidation- 
_ plant. In order that the sensitive activated sludge shall not be 


Fig. 2. 
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; adversely affected at times, precautions have been taken to shield 
the oxidation-plant from the effects of violent changes in the 
er of the sewage; as well as from large fluctuations in the rate 


To prevent the oxidation-plant receiving sedimented sewage of an 

unnecessarily difficult character, sedimentation-tanks of ample 
capacity have been provided, thus ensuring effective separation of 

the sludge, and averaging of the strength of the sewage. 

Large fluctuations in the rate of flow through the oxidation-plant 
have been prevented by the provision of a higher and a lower 

 effluent-weir in the secondary sedimentation-tanks and also in the 


f Band give further treatment to the stronger sewage received during 
neak flow at about midday, and to discharge it during the period of 


‘nimum and usually weaker flow at night. 


seives activated- 


The sewage, before entering the secondary sedimentation-tanks, 
sludge treatment for a short period, the beneficial = 


sludge in the primary tanks, the rate of digestion in winter being © 
thus made equal to that in summer. This provision has allowe¢ 
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effect of which continues whilst the activated sludge is being | 
separated from the sewage in the secondary sedimentation-tanks, 
For this purpose use is made of that portion of the activated sludge 
circulating in the aeration- and separating-tanks which is surplus te 
requirements. This surplus is in suitable condition, and no 
would otherwise be made of its valuable properties. 
The secondary sedimentation-tanks are completely emptied 
periodically and cleaned out, thus preventing fermenting sludge on 
the walls or floor interfering with the tank-effluent. 
The pumps for returning activated sludge from the separa ing- 
tanks to the aeration-tanks are of ample capacity, thus making it 
possible to dilute a difficult influent with an increased quantity of 
effluent when necessary. + 
Flexibility in the aeration-plant has been ensured by dividing it — 
into several units, so that the time of retention may be varied — 
within wide limits if necessary. | 


The Process selected for the Treatment of the Sludge. 


As it is necessary to dispose of the sewage-sludge without causing 
aerial nuisance, provision is made for digesting it. The wate! 
separated from the sludge in the digestion-tanks, and also the water — 
drained from it when pumped on to the drying-beds, is returned to 
the sewer, diluted by the sewage, and passed through the sedimenta-_ 
tion- and aeration-tanks. Under certain conditions such water 18 — 
capable of causing serious interference with the operation of a — 
sensitive activated-sludge plant. It has, however, been found that — 
if the sludge is digested in two stages, all water drawn from primary 
tanks being passed through the secondary digestion-tanks also, the — 
water can be treated satisfactorily and without interfering with the 
operation of the plant, provided that the rate is limited so as to” 
ensure effective dilution. At the Coleshill works the sludge is — 
digested in two stages. Z 

The control of the process has been facilitated by heating the 
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the digestion-tanks to be made of much smaller capacity. 


The Source selected for the Supply of Power. 


In selecting a suitable source of power-supply for the activa ed- 
sludge plant the following considerations were taken into account :— 
(1) The power required for driving the air-compressors used in 
connection with the activated-sludge plant would be 
considerable and constant throughout the 24 hours. 

| 


a: 
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(2) There would be sufficient gas evolved from the digesting 
sludge to generate this amount of power and supply 
waste heat from the engines for heating the sludge. 


 . 


_ After careful consideration it was decided to collect the gas 

evolved from the sludge in the primary digestion-tanks, to utilize it 
in internal-combustion engines for the generation of electricity, and 
to utilize the waste heat in the cooling water and in the exhaust- 


r 


_ gases for heating the digesting sludge. 


A DEscRIPTION OF WORKS. 


- It will be seen from the general plan (F1g. 1, p. 324) that the river 
_ Tame passes across the 120-acre site acquired for the sewage-purifica- 
tion works. As already mentioned, it was necessary to provide for 
treating the sewage from an existing population of 50,000, and to 
- lay out the site in such a way that the works could be extended 
from time to time so as to deal eventually with the sewage from a 
_ population of 335,000. It was, therefore, decided to lay out five 
complete units of plant, only one of which would be constructed at 
a first. This first unit was designed to deal with 30 gallons of sewage 
"per head per day from a population of 67,000. The unit would 
therefore receive a dry-weather flow of 2,000,000 gallons per 24 hours, 
but would be capable of giving oxidation as well as settlement to 
_ three times this flow, and settlement in storm-water tanks only to 
es further three times the dry-weather flow. 
a In planning the layout of the works on the site the purification- 
units were arranged to the south of the river, the land to the north 
"being reserved as a sludge-drying area. The storm-water tanks 
‘were arranged to the east of the site, a 54-inch diameter cast-iron 
main being laid at the commencement. This is large enough to 
convey the storm-water from the future population of 335,000. _ 
 Onemerging at the outfall to the works, the sewage passes through 
a coarse screen consisting of bars with 34-inch openings, cleaned by 
hand. The sewage then enters a detritus-tank provided with three 
parallel channels, only one being used when the dry-weather flow is 
passing at a rate of 1 foot per second. When six times the dry- 
weather flow is passing through all three channels the water is at a 
higher level and the rate of flow does not exceed 1} foot per second. 
Detritus deposited in the side channels finds its way to the centre 
and deeper channel, from which it is lifted by an electrically-operated 
ravelling dredger. | 
The sewage then passes between twin storm-water weirs having a 


total length of 30 feet. After parting with the storm-water the rate~ 
of flow of the sewage to the purification-plant is measured by means = 


- Sent ie 


. 7 . 4, 
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of a venturi meter which records up to three times the dry-weather — 
flow. 


Sewage-Purification Plant. b 


The purification-unit is arranged in three parallel lines. Eac: 

line consists of a primary sedimentation-tank, a pre-aeration tank, 

a secondary sedimentation-tank, an aeration-tank in three separate 

parallel bays, and a separating tank. The flow to the aeration-tank 

is measured by a venturi indicator. 4 

Each of the three primary sedimentation-tanks is 44 feet in ~ 

diameter (Fig. 3). The sewage enters at the centre and the effluent _ 
flows over a peripheral weir. The floor slopes towards the centre 


Lf 
al 


Scale: 1 inch = 24 feet. 
Feet $ 9 5 10 ‘feet 


Prmary SEDIMENTATION-TANK. 


at an angle of 30 degrees to the horizontal. At the centre is a well 
7 feet in diameter and 10 feet deep into which the sludge is delivered _ 
by an electrically-driven scraper operated occasionally. These — 
tanks have a capacity of 4 hours’ dry-weather flow. = 
The pre-aeration tanks, three in number, are provided with 
- compressed-air-diffusers, and receive the surplus sludge from the _ 
aeration-plant, with the aid of which they give treatment to the — 
partly-sedimented sewage. They have a minimum capacity of _ 
3 hour’s dry-weather flow. | 
The three secondary sedimentation-tanks are rectangular in plan. _ 
Each is provided with a weir at the inlet end and a higher and a 
lower weir at the outlet end. “By the use of the latter weirs the 
rate of flow from the tanks can be kept constant despite varia 
_ in the rate of flow to the tanks, the capacity varying from a mini 
of 8-6 hours’ to a maximum of 11-7 hours’ dry-weather flow. 
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{z 
emptied for cleaning the light sludge deposited on the sloping floor 
is pushed to the centre channel by hand. 

' The aeration-tanks (Fig. 4) comprise altogether nine separate 
_parallel sections. Each is 20 feet wide, 110 feet long, and is pro- 
vided with four lines of 6-inch diffusers set at the bottom of V-shaped 
‘troughs. The diffusers consist of detachable porous tiles fixed into 
cast-iron trays. Two weirs are provided at the effluent end, thus 
enabling the capacity of the tanks to be varied from a minimum of 
12:3 hours’ to a maximum of 16-4 hours’ dry-weather flow. The 
depth of water over the diffusers varies from a minimum of 8 feet 
Bd inches to a maximum of 11 feet 3 inches. For the supply of 
ee Fig. 4. 

Aipipes 


Scale: 1 inch = 12 feet. 
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Cross-SECTION OF AERATION-TANK. 


compressed air to the aeration-tanks, rotary air-compressors of the 
crescent type with sliding blades are used. 
Each of the three separating tanks is 44 feet in diameter, and is 
provided with an electrically-driven sludge-scraper which is in 
continuous operation. The water enters at the centre and the 
effluent flows over a peripheral weir. The floor slopes towards the 
centre at an angle of 30 degrees to the horizontal. These tanks 
have a capacity of 4 hours’ dry-weather flow. When passing 3 times 
e dry-weather flow the maximum rate of upward flow is limited 


8-8 feet per hour. 


Sludge-Treatment Plant. 


For the treatment of the crude sludge, the digestion-tanks are 
arranged in one block of eight parallel rectangular tanks, each of 


which is 61 fect 4 inches long, 31 feet 4 inches wide, and 16 feet deep. 
ive of these are used as primary tanks, digestion of the sludge pene 
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being completed in the three secondary tanks. The total capac 
provided is equivalent to 3} cubic feet per head of population. ' 
total time of retention of the digesting sludge is approximately 12 
weeks. Arrangements are provided for conveying surplus water from . 
the secondary digestion-tanks to the outfall-sewer entering the works. 

: After digestion the sludge is pumped to the sludge-drying area, ~ 
Each of the drying beds has an area of } acre. The total area pro- 
vided is 4 acres, equivalent to an allowance of 3} persons per square | 
yard. Part of the dried sludge is sold to farmers and the remainder | 
is tipped on a portion of the site. | 

Sheet-steel gas-collectors are provided on the five primary 
digestion-tanks, and are designed to float upon the sludge. The — 
steel employed contains from 0-35 to 0-5 per cent. of copper; each 
collector is 61 feet long and 31-feet wide, the depth at the sides 
being 4 feet and along the crown 5 feet. ; 

The power-house has been made large enough to house three 
engines, and capable of being extended to house two additional - 
engines of larger size in future when all five units of the purification- 
plant have been constructed. Two engines only are installed at— 
present. Each is a 120-brake-h.p. four-cylinder vertical engine 

- direct-coupled to an 80-kilowatt alternator. The engines work on — 
sludge gas, but, in case of necessity, can be converted in a few hour 
to run on fuel-oil. ~ 

The exhaust-gases pass through a tubular heater in which the: 
raise the temperature of the cooling water which has left the engine © 
cylinders (Fig. 5). This water passes through a tubular exchanger, 
in which it gives up its heat to alkaline water drawn from the sludge 
in the secondary digestion-tanks. The alkaline water is thei 
pumped to the primary digestion-tanks, where it heats the incomin 
crude sludge and also corrects its pH value. 


CoNnsTRUCTION OF WoRKs. 


Before the construction of the Coleshill works was commenced — 
by the Drainage Board, the course of the river Tame had been > 
straightened, widened, and deepened by the Corporation of Birm- 
ingham. The land adjoining the banks of the old river course had 
previously been liable to floods. In spite of the improvement wl 
had since been made in the river course, it was necessary to allow 
for a considerably higher future flood-level, although these conditions | 
would not occur until complete development of a very large area 
~ the watershed had taken place. Under these circumstances it ¥ 
necessary to build up the walls of the tanks and the pat 
around them to a level above the future flood-level. 2 


a. 
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The site was composed of a fairly loose gravel overlying marl. : 
The excavation for all tanks was taken out to a batter, and a com- 
‘plete system of underdrainage was laid and connected to three deep 

_sumps, from which water was pumped night and day during the 

‘progress of the work. 

_ The primary sedimentation-tanks (fig. 3, p. 328) were constructed 
: of concrete without reinforcement, and were made sufficiently heavy 
_ to prevent flotation when empty. 

In the secondary sedimentation-tanks, which are of rectangular 
- form, 24-inch cut-off walls extending downwards 18 inches into the 
marl were constructed beneath all walls. Bituminous sheeting was 


— : Fig. 6. 
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laid on these cut-off walls, thus preventing them from acting as an 
integral part of the tank walls above. The floors were constructed 
of concrete 6 inches thick without reinforcement. Holes 4 inches 


tank walls. Above normal water-level the tank walls are per- 
forated, thus preventing the walls being subjected to an unnecessarily 
high water-pressure in time of flood. The tank walls, which are 
4 feet 6 inches high, are of inverted T form and were constructed 
of reinforced concrete. In order to prevent any tendency to slide 
n the water-logged marl, reinforced-concrete struts were provided 
+ floor-level extending right across the three tanks. The storm- _ 
ater tanks are of similar construction, the walls being 15 feet = 


ches high. 


ae 
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In the aeration-tanks the vertical walls are of reinforced conc e 
13 feet 3 inches high and 12 inches thick. To withstand the hori- 
zontal pressure they are supported at the bottom by the floor and 
at the top by horizontal beams with horizontal reinforced-concre 
struts. . 
The sludge-digestion tanks are of rectangular form and have ~ 
walls 16 feet high constructed as cantilevers from the reinforced- 
concrete floor. 
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OPERATION OF THE OXIDATION-PLANT. 


The oxidation-plant was put into operation in October, 1934. 
During the first year the mode of operating the plant was varied _ 
slightly from time to time in order to determine the best means of 
dealing with the varying character of the sewage. d 

At first a comparatively small period of retention in the aeration- 
tanks was allowed, but it was found difficult to maintain the activated 
sludge in a satisfactory condition. An increase in the time of 
retention made a distinct improvement. 

During the first half of 1935, when a considerable number of 
houses were still connected to cesspools, the presence in the sewage 
of cesspool-waste prevented the activated sludge attaining its best 
condition. Improvement effected in the condition of the sludge 
was, at times, accompanied by some difficulty in controlling its 
tendency to rise and pass away over the weirs of the separating _ 
tanks. Slightly decreasing the time of retention in the aeration- — 
tanks overcame this tendency of the sludge to rise. When, how- 
ever, the time of retention was decreased too much, filamentous 
growths developed in the sludge and caused a tendency to bulking. 
For the purpose of settling an activated sludge so light in characte 
and of such high organic content, it was found distinctly advan- 
tageous to utilize separating-tanks designed to give the minimum 
time of retention consistent with the desired low rate of upward 
flow ; this object was assisted by the use of mechanical sludge-scrapers 
operating continuously. 

Owing to the constantly-recurring changes in the composition an d 
rate of flow of the sewage, the activated sludge was liable to change 
in character at short notice, and due vigilance had to be observed 
in order that the control of the plant might be modified from tim me 
to time without delay, so as to prevent the activated sludge losing — 
its valuable properties. = | 

In order to make the sludge settle more readily, and at the s 
time to improve the effluent, the weight of the sludge was inc 
by feeding into the aeration-tanks a small proportion of marl 1 n 
up in water. The results have been described by bee 
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Whitehead, M. Inst. C.E., and F. R. O’Shaughnessy, F.I.C.1. The 
_ Authors state that ‘‘ Normally, the sludge in this plant is of good 
quality, and reasonably dense so that the behaviour of the plant may 
_ be said to be satisfactory. Marl was added in the form of a suspension 
to the sludge entering the aeration chamber with the result that the 
_effiuent from the plant was brilliant in appearance, and the good 
_ settling qualities of the sludge were improved and a denser sludge 
~ obtained.” 
_ A typical analysis of the crude sewage so far received at the 


Coleshill works is as follows :— 
Sr Parts per 100,000 


2 by weight. 
a Suspended solids wares! 17-2 
Hirgemmmonia 3 >< eee aha a ms er SE 

cS AUpMINnodsammonia « fas. = << -~.« = » «7» O75 
Suen nicrides (an chlorine)» . .) 6. 17s wes we] 66D 
ee Oxygen absorbed in 4 hours at 80° F. from N/80 KMnO, :— 
oA : (a) Sample containing solids in suspension A gE ligPe Beek Sse! 
ce (b) Sample after 2 hours’ quiescent sedimentation . . . 3:04 
Biological oxygen-demand 22-8 


(Dissolved oxygen taken up by sample from Birmingham 
tap water when incubated for 5 days at 65° F.) 
Alkalinity (expressed in terms of CaCO3) . . . . . + 260 


: The operation of the plant is indicated by the typical results 


* 


given in Table 1; the samples analysed were taken between 8 a.m. 
on the 3rd and 8 a.m. on the 4th February, 1936. 


TABLE I. 


| Some 


Parts per 100,000 by weight. 


Primary Secondary 
Crude sedimenta- |Pre-aeration | sedimenta- Final 
sewage. | tion-tank |tankeffluent.| tion-tank | effluent. 
4 effluent. effluent. 
‘Suspended solids . . | 17°7 5-6 11-0 2-8 Trace. 
Freeammonia. . .| 3:26 3-19 3-12 2-51 2-87 
_ Albuminoid ammonia . 0-68 0-67 0:39 0:43 0-13 - 
_ Chlorides (as chlorine) 7-2 8-0 16 5-6 6-0 
Oxidized nitrogen. . — o = — 0-15 
Oxygen absorbed in 
4 hours at 80° F. 
from N/80 KMn0O,: 
_ (a) Sample con- 
taining solids in 
suspension . . . 4-56 4:12 4-00 2°32 0:68 
(6) Sample after 
- 2 hours’ quiescent 
2-08 0-64 


sedimentation . . 3-28 | 3-32 2-88 


_ The average biological oxygen-demand of the final effluent during March, 
_ April, and May, 1936, was 0-76, and the average percentage saturation of dis- 
- solved oxygen of the final effluent during March, April, and May, 1936, was 40-8. 


xix (1936), p. 407. 
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1 «Improving the Efficiency of Activated Sludge.” The Surveyor, vol. Z 
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The effect of pre-aeration on subsequent purification in the 
secondary sedimentation-tanks is shown by the following tests. A 
sample of effluent from each of the three sedimentation-tanks was 
taken every twenty minutes from 10.30 a.m. to 2.30 p.m. on the 
10th June, 1936. This was repeated on the 17th and 24th June. 
On each occasion a different one of the three pre-aeration tanks was 
shut down for the purpose. The corresponding secondary sedi- 
mentation-tank had been cleaned at a time intermediate between” 
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Fig. 6. 
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the cleaning of the tanks which were receiving pre-aerated sewage. 


Typical analyses of the effluents from the secondary sedimentation- 
tanks were as follows :— 


Parts per 100,000 by weight. 


Without With 
pre-aeration. pre-aeration, 
Albuminoid ammonia . . , 0-48 
Oxygen absorbed in 4 hours at 80° F, 
from N/80 KMn0O, . : 3-03 


Biological oxygen- -demand i in 5 days . 


The curves in Fig. 6 show how the strength and the flow of sewage 
have varied over the 18 months during which the plant has been 
in operation. To enable the effect of dilution on the strength 
of the sewage to be seen more readily, the lower curve is ple tec 
downwards. For the sake of convenience this method has been 
employed in the case of other curves which follow. 


COLESHILL SEWAGE-DISPOSAL WORKS, BIRMINGHAM. 335 


‘ From Fig. 7 may be seen the extent of the purification effected in 
the oxidation-plant and the amount of air which had to be compressed 
for this purpose. 
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_ The size of the oxidation-plant utilized is indicated by the time- 
‘of-retention curve in Fig. 8, which also shows the amount of air 
used per gallon of sewage. 

As both strength and flow of sewage were varying continually, it 


a 
o 


useful to have a measure of the total impurities in the sedimented 
ewage entering the oxidation-plant. This is indicated in Fig. 9 (p. 


Fig. 8. 


“~Calculated time of retention 

of sewage in aeration-tanks 
(omitting consideration of returned 
activated sludge) 


, which also shows the variation in the amount of power required 
driving the air-compressors. The quantity of activated sludge 
ned to the aeration-tanks was approximately 576,000 gallons 
day, and the quantity of surplus activated sludge passed into 
pre-aeration tanks 72,000 gallons per day. A sample drawn 
1 the aeration-tanks showed approximately 10 per cent. of 
ed sludge after 1 hour or 7 per cent after 18 hours’ settlement. — 


a 


é 
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The value of the preliminary treatment in pre-aeration tanks | 
by means of the surplus activated sludge, followed by additional . 
sedimentation and balancing of the flow, is shown in the curves in. 
Fig. 10 taken from an earlier Paper by Messrs. H. C. Whitehead . 
and F. R. O’Shaughnessy.1 Curve A shows the total impurities in . 
the crude sewage. The impurities remaining after the sewage has | 
received 4 hours’ sedimentation are shown in Curve B. There: 
follows activated-sludge treatment in pre-aeration tanks for a period . 
of 4 hour, the effect of which is continued during retention in the | 
secondary sedimentation- and balancing-tanks for a further 8-6 to: 


Fig. 9. 


3 


Impurities in sedimented sewage 
expressed as pounds of oxygen absorbed per 24 hours 


8 


PER 24 HOURS: 
POUNDS. 


OXYGEN ABSORBED 


H.-P used for supply of compressed air to 
aeration-tanks 


Mala hioch abe | 


H.-P. used for supply of compressed air to aeration-tan! ' 
Griving activated-sludge pumps, and driving mechanical || 
scrapers in separating-tanks 


ELECTRICAL 
HORSE-POWER. 
wo 
° 


11-7 hours. Curve C shows the impurities left to be removed in e} 
activated-sludge plant during a period of from 12-3 to 16-4 hours. . 
The impurities in the final effluent are shown in Curve D. Furth P 
information will be found in the Appendix (pp. 341-2) 


OPERATION OF THE SLUDGE-TREATMENT PLANT. 


As the crude sludge is removed from the bottom of the pri 
sedimentation-tanks by pumping, and is not exposed to the atmo 
sphere, there is an absence of aerial nuisance, and a considerable 
saving in labour. The water-content of the sludge pumped from 
these tanks averages approximately 93-8 per cent. and the average 
content of organic matter in the solids is 75 per cent. In the 
secondary sedimentation-tank is settled not only the lighter crude 
sludge but also the surplus activated sludge used in the p 
aeration tanks. The average water-content of the sludge pum | 
from these tanks is approximately 97-3 per cent., and the av 


1 «‘Factors in the Design of Sewage Disposal Works.” The Surveyor. 
Ixxxviii (1935), pp. 397 and 433. oy <p ’ 
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Fig. 10. 
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content of organic matter in the solids is 79:5 per cent. The 
‘ rresponding figures for the digested sludge discharged to the 
ying beds are approximately 95-5 per cent. and 54-2 per cent. 

ectively. The variation in the temperature of the sludge i in the 
mary digestion-tanks and in the rate of gas-production is shown 
the curves in Fig. 11, p. 338. 
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: Comparative Costs of Oxrpizinc SEWAGE. 
In a previous Paper by the Author! comparative figures were 
eee a tea 


agers of Sewage Disposal Works, ‘1931, p. 100. 


an «Some Methods and Costs of Oxidising Sewage.” Proc. Association of gE es 
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given of the cost of oxidizing sewage in five different plants in — 
operation at the works of the Board. In none of the five cases was _ 
complete treatment given to the sewage by means of activate 
sludge. It is therefore of interest to compare the cost of oxidizing 

the sewage at the Board’s Coleshill works with the costs previously — 
given; this is done in Table II. Although the rate of interest on | 
loans in connection with the Coleshill works did not exceed 4 per 
cent., it has been necessary, for the sake of comparing the operating — 
costs, to take the same rate of interest as in the other cases, namely, — 
43 per cent. 


“ 


Cost oF PowrErR. 


Before estimating the net cost of the power to be obtained from 
the sludge-gas under conditions that have already been described 
it is necessary to review certain factors :— ) 

(1) To facilitate the control of the sludge-digestion process, and 
also to enable the capacity of the digestion-tanks to be very con-_ 
siderably curtailed, it had already been decided to heat the sludge 
in the primary tanks. he 
(2) The cheapest fuel obtainable for this purpose was sludge-gas. _ 

(3) One-half only of the available gas would be sufficient for this _ 
purpose, and would be obtained by providing gas-collectors on halt 
the primary digestion-tanks. ie | 

(4) Alternatively, the waste heat recoverable from engines 
consuming the whole of the sludge-gas would be sufficient for 

heating the digesting sludge. In this case gas-collectors would be 
provided on all the primary digestion-tanks, half of the collectors 
being regarded as chargeable to the heating of the sludge and half 
to the supply of power. : = | 
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_ obtainable will then be 0-54d. per unit. 
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3 a 

(5) From a population of 67,000 a reliable supply of 0-5 cubic foot 
of gas per head per day is obtainable under suitable conditions. 

(6) Gas-engine-driven generating-sets of suitable size consume 
approximately 25 cubic feet of sludge-gas per electrical unit generated 
under full-load conditions. 

(7) The number of electrical units which could therefore be — 
generated by utilizing the sludge-gas amounted to 490,000 per 
annum, or sufficient to supply the requirements of the first purifica- 
tion-unit. £ 

(8) It would be advisable to build a power-house large enough to — 
accommodate additional engines in future, and also heating-plant. / 

(9) Only a portion of this building would be necessary to accom= 
modate the engines required for a supply of power to the first unit — 
of purification-plant. : 

(10) Taking the above circumstances into account, the proportion — 
of the capital outlay chargeable to the power obtainable at present 
is taken as £7,570. 

(11) Taking the rate of interest on capital expenditure as 4 pel 
cent., the net annual cost of the power obtainable (490,000 units) is | 
estimated as follows :— 


} 
' 


£ 
Capital oharges . . «s+ + + + es 610 
Attending) 5" SO AS eee eee 
Inlviceting off. ac bs 5 te 4 = eee 
Cooling witer 123... = » & = see 
Pais S 2 =. f=. Sse 
£1,510 
The cost per unit will thus be 0-74d. ¥ 


As the requirements at the present time amount to approximately 
400,000 units per annum, instead of 490,000 units as in the estima’ 
the actual cost per unit at the moment exceeds the above figure. 4 

It will be noted that when the power-plant is increased to supply 
a second unit of purification-plant no additional charge for attendanc 
will be incurred. It is estimated that the net cost of the power 
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Cost or Gas. E | 
The net cost of the gas obtainable may be estimated as follows :— 
Capital outlay on five gas-collectors . . . . . . £8,300. 


£ per annum. 


Capital charges >.4 <5. S958 6. Be SS.0) 207 
Repaits. 2 v rie S Sx Reena Net th Bae BO! 
Total annual charges . . . £367 
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_ Gas obtainable from a population of 67,000 at a yield of 0-5 cubic 
_ foot per head per day=12,200,000 cubic feet per annum. 

Cost per 1,000 cubic feet=7-2 pence. 
_ Taking the net calorific value of the sludge-gas at atmospheric 
_ pressure and a temperature of 60° F. as 675 B.Th.U. per cubic foot, 
cost per therm=1-07d. 


» 


Further information will be found in the Appendix. 
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APPENDIX. : 
: ae 
‘Later information is now available regarding the composition of the sewage oi 
and the degree of purification obtained at the Coleshill works. an 
— TasLE JIJ.—AVERAGE ReEsvutts ror 1936. se ‘ 


Parts per 100,000. 


Ff us} ‘ Oxygen : a 
Sewage. 3 4 38 g 3 FA absorbed. “|S | 8 ég 
4 se | 86 | a8] 6 | 38 g | Bee 
Bo Fe 5 aS eal 
oa E BE 8B | S28 |,,Us, |settiea. ‘ Acs 
rude sewage| 17-3 | 3:22 | 0-73 | 7:8 | — | 4:95 | 2:90 | 25-9 | — 


2-71 | 2-41 | 25-6 


2-6 | 3-62 | 0-47 = Be 
0-66 | 0-84 | 0-80 | 21-8 | 1:27 


7 
0-4 | 2:92 | 0-16 | 6- 


operation of the plant has furnished detailed information regarding the = 

( tity of sewage treated, the amount of compressed air used, the power- —— 

nsumption, the quantity of sludge digested, and the amount of gasavailable. —_ 
information is set out in Table IV (p. 342). - See 
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ze 
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rks described in the Paper. The graphs in Figs. 12 showed the 
ological oxygen-demand, the oxygen absorbed from potassium 
rmanganate in 4 hours, and the oxidized-nitrogen content of the 
fluent discharged from the Coleshill works during a period of 


Discussion. 


1935. 


PARTS PER 100,000. 


1936. 
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. Biological oxygen-demand... 
Oxygen absorbed... 
Oxidized nitrogen..............0 ttt 


—— 


years. The increase in the oxidized nitrogen in the summer 
nths and the accompanying increase in the biological oxygen- 
nand illustrated a statement recently made by Mr. W. T. Lockett 1 
t under certain nitrification-conditions the 5-days biological 


W. T. Lockett, ‘‘ A Contribution to the Literature relating to the Activated- 
Process,” Public Works, Roads, and Transport Congress, London, 1937. 


he AurHor exhibited a number of lantern-slides illustrating the The Author, 


The Author, 


Mr, Frank. 
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oxygen-demand figure alone was not a true guide to the real charaet 
of the effluent. It would be noted that the oxygen absorbed ini 
hours was not subject to much variation. 

Mr. T. Prrrson Frank remarked that Birmingham was 
largest town in England which was to be found towards the hea 
of a river, so that the local conditions would necessitate a very hi 
degree of purification of sewage. What was the minimum flow 
the river Tame ? 

The Author stated that difficulty had been experienced on accout 
of the retention of sewage for some period in the large sewer, wil: 
was 7} miles in length. Had the local authority considered t' 
advisability of adding chlorine to the upper part of that outta 
sewer to delay the onset of septic conditions ? 

On what grounds had the process selected for the purificati« 
of the sewage been chosen in preference to other methods ? 

works occupied a low-level site, and it had been desired to av 
pumping; were there any other reasons 2 It was necessary to 
particularly guarded when trying to compare the costs of varioc 
works, but in the last column of Table II (p. 339), the cost of t 
Coleshill works was shown as £7:63 per million gallons treated, ¢ 
the purification, given by the test of oxygen absorbed in 4 hot 
was shown as 66 per cent. For the Yardley works the cost W 
£7-75 and the purification 90 per cent., whereas for the Minwo 
works, with bio-flocculation and bacteria beds, the cost was ox 
£4-70 and the purification 86 per cent. Admittedly, the t 
effluents varied in strength, and that might in some measure accout 
for those differences in cost, but it would be interesting to - et 
the full reasons for the adoption of the particular process selected? 
he did not imply that it was in any way unsuitable. 

On p. 326 the Author referred to the use of surplus activated shud! 
for treatment of the sewage before it was passed into the secondas 
sedimentation-tank. Mr. Frank had found that method useful - 

a very similar type of operation. 

Mr. Frank was interested in the reasons stated for adopting ti 
type of costing given on p. 340. He was not an accountant, but | 
imagined that there would be some accruing capital charges on t: 
construction of further works when the plant was extended, whi’ 
would have to be added to the unit costs; he was afraid that th 
would be fairly high, because in the Table on that page the capit 
charges for the power obtainable were given as £610 out of a tot 
of £1,510. On p. 341 the cost of the gas was mentioned. Wou 
there be any further charges for maintenance or attendance, su 
as those given on the preceding page ? 

The Author and those associated with him were to be congratulat 


oS ee ee 


—— 
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I ciicving a very neat layout of the works, readily capable of Mr. Frank, 


xpansion. The design had been based on a flow of 30 gallons per 
ead per day; was that regarded as ample ? 
He would like to know whether much difficulty had been 
ee; in the construction of the centre well of the primary 
edimentation-tank shown in Fig. 3 (p. 328). His own authority had 
ust completed the construction of some similar but larger tanks, 
nd that centre well had been the most difficult part of the work. 
the tanks in question were a little nearer to a river and in very 
ow-lying ground, and most of them had had to be constructed on 
les. It appeared that the Coleshill tanks were founded on better 
wound, as it was stated on p. 331 that the primary sedimentation- 
anks were constructed of concrete without reinforcement, and that 
he floors of the secondary sedimentation-tanks were of concrete 
} inches thick without reinforcement. It would be interesting to 
ow whether any cracks had appeared, or whether the ground was 
ood enough to prevent their formation. 
“The sewage at Coleshill might be classified as fairly weak, the 
pended solids being 17-7 and the oxygen absorbed in 4 hours 
mg 4-56 parts per 100,000 by weight. At one of the works of 
fr. Frank’s authority the corresponding figures were 43-1 and 
2 respectively. The result given in the footnote to Table I 
333) was, however, particularly good. 
Referring to the operation of the oxidation-plant, it was men- 


activated-sludge plant had been started at Barking about 6 
ars ago, a discussion had taken place as to what percentage of 
tivated sludge was to be put into the aeration-channel, and 
0 per cent. was the figure that had been adopted for normal work- 
¢; the flow treated had since been increased from 10,000,000 
llons to 25,000,000 gallons per day, and was shortly to be raised 
) 60,000,000 gallons per day, and the figure had been temporarily 


e results were quite good, and still better ones had been obtained 
ng 7 per cent. of activated sludge. In the first place, however, 
had been urged by some people that considerably more than 
) cent. ought to be used. 

From the curve in the lower part of Fig. 11 (p. 338) it could pre- 


oR. It would be interesting to know whether the Author had tried 
orking at a higher temperature. Mr. Frank had found that 


duced to 5 per cent. It was not intended to continue that, but. 


4 f. gave the best liquefaction, and provision was now being 


Mr, Frank, 


Mr. 
Hetherington 
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made to work tanks at 95°F. and even at 100° F. in case # 
should be desired. 

Mr. R. G. Heruertneron remarked that the Paper was of espec 
value in that it described not only the works but the results of chk 
operation. Mr. Frank asked why the activated-sludge process hi 
been adopted. In his own opinion one of the controlling facté 
was probably the fact that activated-sludge plant did not ne 
considerable fall through the works. | 

On p. 324 reference was made to the tipping into the trunk s 
of large quantities of cesspool-waste during the earlier perio a 
operation of the works. Presumably that did not now occur, 
he would like to know whether it had caused much trouble, ¢ 
whether any particular precautions had had to be taken. 

He noticed that a varying water-level in the tanks was | 
equalize the flow at different times, and he would like to ask wheth 
the level was adjusted automatically or by hand. 

On p. 326 the Author stated that surplus activated sludge w 
returned to the primary tanks: that was becoming almost stande 
practice. He went on, however, to refer to the fact that 
secondary sedimentation-tanks had to be periodically emptied ¢ 
cleaned to prevent fermenting sludge causing trouble. How of 
was that found necessary? On the same page it was mentiong 
that the decanted water from the primary sludge-digestion te 
was passed through the secondary digestion-tanks. That Ww 
interesting, as it was not common practice, and he wondered wheth! 
in avoiding one trouble by that means other troubles might x 
have been introduced. Having once separated that water from t 
sludge, it seemed strange to put it back again. | 

It was stated on p. 331 that the secondary sediniechalla -tan 
had been constructed with holes in the bottom, to relieve pos 
upward water-pressure. That might be an excellent arranger 
in the case in question, but it was a system which the Min 
of Health would view with some suspicion if it were widely use 
because sewage might escape through the holes. Presum 
means were adopted to prevent that happening. | 

Mr. Frank had discussed the figures given in Table II, and son 
of them certainly seemed a little surprising. The cost per he: 
for the Coleshill works was rather higher than for some of the o 
plants, but it seemed to him that it was unfair to judge the we 
too hardly on that point, as only one-fifth of the total Miles N 
yet in operation, and there were bound to be heavier expense 
the first instalment. What he was puzzled about, however) wW 
the figure of 3-0 parts per 100,000 given as the oxygen absorb 
by the sedimented sewage in 4 hours. That figure apparel 
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pplied to the sewage at a stage at which it had already received aMr, 

msiderable amount of treatment, as surplus activated sludge was poereac 

turned to the sedimentation-tank, so that the difference between 

at figure and the final one did not represent the full purification 

fected. That, however, presumably did not apply to the figures 

rc other works, so that the comparison did not give full credit to 

ve Coleshill works. If, on the other hand, the figure in question 

ally applied to the strength of the sewage as received, the Coleshill 

orks had to deal with a very much weaker sewage than the others, 

ad that fact would have to be taken into consideration in com- 

aring costs. 

‘Mr. H. ©. Wairnneap supplemented some of the information Mr. Whitehead, 

ven in the Paper by data made available as a result of work 

jed out in recent months. A few months ago the dry- 

eather flow at Coleshill had reached the designed capacity of the 
ks, and it became obvious that much of the plant would be 

able of dealing with a greater load than that from a population 

67,000. Tests had accordingly been made, and it was now 

sible to say that the sedimentation-tanks and aeration-plant 

ald be capable of giving satisfactory treatment to three times the 

y-weather flow from a population of 100,000, upon the assumption 

t there would be no increase in the strength of the sewage. The 

ons of the works which would require enlargement before that 

ulation was reached were the separating-tanks, the sludge- 

igestion plant, and the storm-water tanks. 

The exceptionally good results obtained in the sedimentation- 
ks and aeration-plant were due, firstly, to the benefit derived 
m a balancing capacity in the secondary sedimentation-tanks 
id aeration-plant, and, secondly, to the improvement in the 
ficiency of the secondary sedimentation-tanks as a result of using | 

surplus activated sludge to improve flocculation in those tanks. 
The Coleshill works illustrated how the inherent delicacy of the 
hivated-sludge process might be minimized if care were taken to 
event unnecessary loading entering the aeration-tanks. Fig. 10, 
837, well illustrated the extraordinary variation in load with 
lich the plant could deal. Incidentally, they were the first works 
ploying activated sludge as a means of complete purification in 
ich the whole of the power and heat required for the operation 
he plant was provided by gas evolved from the bacterial digestion 
the sludge. 

Jomparisons of cost were somewhat difficult to make, as the 

res given in Table II, p. 339, related to the cost of oxidizing 2s 
ranging from the heavily-industrial sewage, with an oxygen- a | 
srption figure of about 26 parts per 100,000, which was dis- <= 


Mr. Whitehead, 


Mr, Townend, 
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charged to the Minworth works, to the sewage of mainly dom 4 
origin, and of only about one-quarter the strength, which was tre: } 
at the Coleshill works. In such circumstances, of course, the coz 
were bound to be very much in favour of the works receiving 
strongest sewage. It should also be noted that the proved incree 
in the capacity of the Coleshill works would bring about a ec 
siderable reduction of the costs shown in Table II. 

Mr. ©. B. TowNEND observed that the Coleshill works nil | 
regarded as a model plant, not only because it had been construct 
to the most modern standards of design, but also because it W 
being operated as a pilot plant to give an indication on a sufficie nt 
large scale of what might be expected from the very much larg 
works that was to follow. It was of especial interest in view of 
similarity in many respects to the West Middlesex works at Mogd by 
although the latter was about twenty times as large. Both we 
completely new works serving regional areas which had been recen 
developed; their design had been unhampered by old plan 
awkwardly-shaped sites; they had been constructed during simi 
periods, and showed a marked resemblance in numerous point 
design; in fact, in view of the radical advances over previc 
practice incorporated in both works, it was remarkable that # 
resemblance was not the result of any collusion between the t% 
designing staffs. There were, nevertheless, marked points 
difference in matters of detail. For instance, in the aeration- 
at Mogden the sewage was made to travel a distance of 1,600 fe 
in about 8 hours, every precaution being taken to prevent sho 
circuiting. At Coleshill, on the other hand, the length o 
aeration-tank was 110 feet, which was traversed once only in abe 
14 hours, giving a rate of about 8 feet per hour as against 200 fd 
per hour at Mogden. The Coleshill arrangement might possibly 
productive of short-circuiting, which might explain fundament 
differences in operating experience. 

Mr. Whitehead’s remarks, giving the latest experience at Colesh: 
qualified to some extent what was stated in the Paper, and wou 
probably also affect to some extent what Mr. Townend proposed 
say. Whereas Coleshill employed a comparatively long aera‘ 
period of about 14 hours, with the very small air-supply of abo 
0-75 cubic foot per gallon of dry-weather flow, Mogden, wit 
stronger sewage, employed a normal detention-period of only ak 
8 hours but an air-supply about double that of Coleshill. T 
two plants, therefore, might be taken to be working at two extrem 

1D. M. Watson, ‘West Middlesex Main Drainage.” Journal Inst. ©. 
vol. 5 (1936-37), p. 463. (April, 1937.) : 
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e@ one with a long detention-period and low air-consumption, Mr, Townend, 


e other with a minimum detention-period and high air-consump- 
mn. Between those two extremes, it would be possible to have 
y number of combinations, and the best method of operation of 
y particular plant to give a specified result would depend on the 
lation between the cost of tank-construction and the price of 
ywer. At Coleshill, as the ground was bad, construction-costs 
are likely to be high, whilst the cost of power generated from 
adge-gas was low; it would therefore be expected that a low 
tention-period with a generous air-supply would have been 
ted, particularly as it appeared that the utilization of sludge- 
‘had not been fully exploited. The 4,000,000 cubic feet of gas 
austed to the atmosphere during a year would have produced 
Teast 140,000 additional units of current, sufficient to raise the 
yer available to about 35 h.p. per million gallons per day of 
Breather flow, which was nearly equal to the figure for the 
nger sewage at Mogden, where the short detention-period of 
hours was employed. 
The economics of operating with the shorter detention-period 
mild be gauged from the figures given in Table II, p. 339. 
he cost of the Coleshill activated-sludge plant was given as £41,228, 
ith an annual capital charge of £3,186. At current rates of interest, 
vat annual charge might be reduced to £2,400, but, even so, a 
mg of over £1,000 per annum could be effected if the detention- 
od required were reduced from 14 to 8 hours. The extra current 
wired would be economically justified, even if it cost 1d. per unit, 
ut as at Coleshill it would appear that that additional power could 
; generated virtually at no cost from the gas at present wasted, 
saving of £1,000 per annum would remain intact. Perhaps 
e Author would give some information on that point. 
From the description of the early days of operation (p. 332), it 
neared that care had been necessary to avoid bulking due to 
sufficient purification, on the one hand, and the rising of sludge 
‘the nitrification-stage, on the other hand. That might account 
the frequent references in the Paper to the “ sensitive activated- 
ge plant.” Experience at Mogden indicated that when purifi- 
tion was taken to the point of advanced nitrification, the activated- 
ge process was remarkably robust in operation. It would be 
ing to know whether the design of the plant at Coleshill 
ald actually prevent purification being taken to such a point, 
n. if that were desired. 
The Author had given in Table II some very interesting figures 
the comparative costs of oxidizing sewage by different methods, 
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b ir the complete absence of any qualifying remarks it would 
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appear that those figures should be studied with considerable resé 
No true comparisons of that kind were possible unless the plan 
considered were constructed on similar sites, served popula tic 
of similar size, treated sewage of similar character, and producec 
similar standard of effluent. In the Table given, all those facte 
varied very widely. The capital cost of 12s. 34d. per head g 
for the activated-sludge plant of the Coleshill works was act bl 
higher than both partial-treatment plants Nos. 1 and 2, and neay 
as high as the percolating-filter installation No. 3. That w 
unusual, and moreover the corresponding figure for the Mo ai 
plant was only 6s. 6d. Presumably the price of electrical pow 
at 1-ld. per unit included transmission-charges and transforme 
losses, but, even so, it was abnormally high. From all points } 
view, Table II did not seem to do justice to the activated-slud 
process, either on grounds of cost or of oxidizing-capacity. 

One of the most important innovations at Coleshill was the p 
aeration of the sewage by the surplus activated sludge, which wor 
otherwise be discharged to waste. The results were very § " 
factory, the reduction in the quantity of suspended matter pas i 
on to the oxidation-plant being taken to a point never before reache 
That should lead to an increase in the purification-capacity of t1 
plant as a whole, as Mr. Whitehead had already mentioned. W hi 
that pre-aeration was coupled with the ability to control and balan 
the rate of flow through the plant, the smoothing-out of the imp ti 
load curve as indicated by Fig. 10 was remarkable. 

It was not always possible, of course, to employ balancing, v hi: 
required several feet of available head for its operation, bu 
should be pointed out that in any ordinary works a similar effe 
was produced to a smaller degree by the lag occurring in the see 
mentation-tanks. Because of that lag, the strong daytime sew 
did not reach the oxidation-plant until the late evening, when ti 
rate of flow through the aeration-tanks was reduced by reason of 1 
smaller flow of sewage then arriving at the works. In that mann: 
the strong day sewage was given a detention-period longer than 
average, whilst the weak night sewage arriving at the aeration-ta 
in the morning was pushed through at a much faster rate. 
effect was presumably made use of to some extent at Coles! 
since the balancing capacity provided of 3-1 hours of dry-weatl 
flow would not be sufficient in itself to give a constant flow to t 
aeration-tanks. At Coleshill, a capacity equivalent to 7 or 8 he 
would probably be required for complete balancing. 

Regarding sludge-digestion, the reduction in organic matter f 
75 per cent. to 51 per cent. was exceptionally good, although t 
gas-yield was not correspondingly high. It would be of intere 
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ich might affect that yield very considerably. The high water- 
tent of 95:5 per cent. of the digested sludge discharged to the 
ying-beds was typical where surplus activated sludge was dealt 
th. Perhaps the Author would say what had been the experience 
drying that sludge, to what depth it was pumped on the beds, 
lat was the thickness of cake produced, what was the average 
tiod of drying required, and whether any difficulties had been 
sountered with the allowance provided of 1 square yard to every 
‘persons. 
The cost of gas-collection was given as 7-2d. per thousand cubic 
ton the basis of 0-5 cubic foot per head per day. On the output 
tually available of 0-78 cubic foot per head, the cost would be 
id. per 1,000 cubic feet. Taking precisely similar items of cost, 
e figure for Mogden worked out at not much over 1d. per 1,000 
bic feet, which could be regarded as negligible. That advantage, 
course, was due to large-scale operation and deeper tanks. The 
mated net cost of power of 0-54d. per unit would show a sub- 
tial saving on outside sources of supply, particularly when 
iMsmission- and transformer-losses were taken into account, 
st the absolute reliability of a self-contained plant was of vital 
prtance when operation had to be maintained for 24 hours 


‘estimated that the sewage would be chiefly of a domestic 
acter, and would be readily capable of complete treatment by 
vans of activated sludge.” Then, on p. 325, he stated: “Tn the 
ign of the plant provision has been made for the improvement 
sewage to the utmost practicable extent before it reaches 
oxidation-plant. In order that the sensitive activated sludge 
Ii not be adversely affected at times, precautions have been 
en to shield the oxidation-plant ...” from various effects. 
activated-sludge process had now been in operation for about 
years, and he wondered whether it had still to be shielded and 
tected by every conceivable means from an occasional overload. 
n p. 329 the Author referred to the use of rotary air-compressors 
he crescent type with sliding blades. The use of such com- 
sors was unusual, reciprocating compressors being generally 
yployed, and it would be of interest if the Author could give any 
mation regarding their probable maintenance-costs. 

he figures given on p. 335 for the percentage of sludge in the 
tion-tanks were stated in the usual manner as percentage 
nes after certain periods of settlement, but it was very useful 


@ able to check the density of the sludge, and therefore it would _ 


he Author could give the percentage grease-content of the sludge, Mr, Townend. 


7 
>. L. F. Mountrort said that on p. 323 the Author stated : ‘ It Mr. Mountfort. 


 &\ ot Crees 


va, ae mon 
a ©. 


7 


< 4 
Ps a 


" 
~ 
352 DISCUSSION ON THE DESIGN AND OPERATION OF THE 


Mr, Mountfort.be of interest if the Author could state the corresponding px 
portions by weight. | 
With regard to the costs given in Table II (p. 339), he thoug 

that the Author had been rather unfair to the Coleshill plant. 
that Table the oxygen absorbed in 4 hours by the final efflua 

was given as 1-0 part per 100,000, whereas the figure given in 
Appendix for a year’s working was 0-8. Further, the o2 res 
absorption figure of 3-0 parts per 100,000, given for the sedime , 
sewage, probably applied to the secondary sedimentation-t ad 
effluent. It was not clear whether the total cost of £41,228 ine 10 
the pre-aerating equipment, but if that was the case the Aut 
could fairly have shown a better result by stating the oxy, 
absorption figure for the primary sedimentation-tank effluent. 
In Fig. 8 (p. 335) the Author gave a curve which he labelll 
“ Calculated time of retention of sewage in aeration-tanks (omitt 
| consideration of returned activated sludge).” It was at present us 
3 to divide the total tank capacity by the hourly dry-weather flow 
) to call the resulting figure the detention-time. Strictly spea 
however, it was not the true detention-time when there w 
fairly large volume of returned sludge, and especially when, 
some cases, the capacity of a sludge-reconditioning tank was incl 
along with the rest. In the case of a large sludge-return, a i 
large volume of the sewage had a very much shorter time, 
smaller and smaller portions of the sewage had longer and lon 
times in the plant. He quite agreed that the arithmetical av 
of all those times would give the same figure as that derived iz 
Paper, but it was hardly fair to call it the detention-time, b 
if two plants had very different relative volumes of returned sl 
but had the same detention-time as calculated in the Paper, @ 
would not necessarily be expected to give similar results. 1 
figure calculated was very useful, and it was necessary to ha) et 
in order to design the total tank-capacity, but it would be bi i 
to call it simply what in fact it was, namely, the total tank-car 
in terms of the hourly dry-weather flow. . 
Dr. H. T. Catvert remarked that the Author had describec 
very interesting work of art of the Birmingham school, Works’ 
that school were now numerous, and he was tempted to wo r 
whether they would remain as engineering monuments, in the sa’ 
way that engineering monuments in waterworks practice i 
remained for nearly a century. Sewage-disposal practice | 
evolved at such a rate that sewage-disposal works had not 
the past been so enduring as waterworks. ‘The methods dev eloped 
Birmingham had been very successful ; he had tried to disco rer 1 
reasons for their success, and he thought the present Paper, 
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wefully read, would be found to show all those reasons. It would Dr. Calvert. 


seen how the Author had marshalled the data for the design, 
wd how careful reasoning had been the guide in the choice of the 
socess adopted, so that the Coleshill works embodied all that was 
st in modern sewage-disposal practice. He firmly believed that 
le success of the Birmingham school was the result of very close 
operation between the chemist and the engineer, and his friend, 
e late Mr. F. R. O'Shaughnessy, had taken a leading part in 
joulding the sewage-disposal practice that it had developed. 

With regard to the details of the Paper, he would have liked to 
sar more about the use of marl, especially in regard to the quantities 
ployed and the effects produced. On p. 336 it was stated that 
le average content of organic matter in the sludge from the primary 
limentation-tanks was 75 per cent.; that seemed to him rather 
h, and it would be interesting to determine exactly what happened 
) that organic matter in reducing its proportion from 75 per cent. 
mm -2 per cent. One of the most striking features of the Paper 
en 10 (p. 337), which showed how balancing of the flow 


ected strength at various stages of the purification-process. 
Tn connexion with the data required for the design of sewage- 
sposal works, he would like to remark that the Coleshill works 
ad not been designed simply on the conventional figure of 30 gallons 
et head per day to which Mr. Frank had referred. 


rest to all bio-chemists, sewage-works managers and others who 
e concerned with bacterial processes in use for sewage-purification 
| for the disposal of sludge. The activated-sludge process for the 
tment of sewage and the successful production of effluents 
ining nitrates, as operated at Coleshill, had engaged his own 
tion for many years ; at the Middlesex County Council purifica- 
on-works at Mogden, where he now spent much of his time, sewage 
as similarly treated, also with the successful production of effluents 
taining nitrates. From the information given in the Paper, 

ever, it would appear that the methods adopted at Coleshill to 
ain nitrified effluents differed somewhat from those used at 
sden, the chief difference being in the method of operation of the 
ration-unit. At Coleshill, a low air-supply was coupled with a 
ig retention-period ; at Mogden, a relatively liberal air-supply was 
rpled with a short retention-period. Comparing those methods, 
‘own experience led him to the conclusion that generally it was 
ter to apply, within certain limits, relatively large volumes of 
provided the price of power was reasonably low, not only because 
ong run it was more economic to do so, but also because many 


e troubles that might occur with the activated-sludge process, _ 


fr. W. T. Locxert observed that the Paper was of very great Mr. Lockett. 


Mr, Lockett. 


~ being made, without loss of control of sludge, for almost 14 yea 
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such as high air-pressures, blockage of diffusers, and bulking — 
sludge, were largely overcome and in many cases entirely obviati 
by a liberal air-supply. As an example, illustrating that po i 
the ridge-and-furrow type of diffused-air activated-sludge plas 
at the Withington works, Manchester, with which he had been ¢ 
cerned, might be mentioned. Prior to 1921, although the purifi 
tion-process could be successfully maintained for long periods 4 
a low air-supply and with a low air-consumption per gallon of sewa 

treated, yet bulking of sludge occasionally occurred, and on sever 
occasions the plant had to be placed out of commission for recone 
tioning of the activated sludge. With the adoption of a co 
paratively liberal air-supply along the lines suggested, and 
rather closer attention in order to prevent undue over-working. 
effective capacity of the plant was increased by approximately 
per cent., bulking was eliminated, and the air-consumption in 
of free air per gallon of sewage treated was actually reduc 
Operating the plant along those lines subsequently and up to 19% 
when he had left Manchester, sewage was continuously treate 
that unit, apart from a few days when certain plant repairs 
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with an average retention-period in the aeration-chamber of appr 
mately 4 hours and an air-consumption of about 1-1 to 1-2 cull 
foot of free air per gallon of sewage treated. Another example _ 
the Mogden plant, which, without any trouble of any kind, had ~ 
successfully operated with the production of highly-nitrified effluem 
since early in 1936. | 

t 


The pre-aeration process described in the Paper was particular 
interesting and, as far as he was aware, Coleshill employed the fin 
pre-aeration plant using surplus activated sludge for coll i 
flocculation installed in England. At Mogden, certain laborato: 
experiments along those lines had been carried out on the crt 
sewage, using 1 or 2 per cent. by volume of surplus activated slud. 
and an aeration-period of 4 hour. With the stronger aftern 
sewages not much purification was effected; but with wea 
sewages the purification brought about by the same treatment Ww: 
appreciable, and the treated liquors were generally much fresh! 
than the original sewage. It was proposed to carry out furth| 
investigations along those lines. | 

The Author mentioned that the activated sludge of the Colesh: 
plant was low in density and tended to rise in the final separatin. 


¥ 


1 B. Ardern and W. T. Lockett, ‘Activated-Sludge Process: Withingt 
Works.” Journal Soc. Chem. Ind., 1923, vol. xlii, p. 225T; W. T. Locke 
“ Activated-Sludge Process: Aeration and Circulation.” Proc. Ass 
Managers Sewage Disposal Works, 1924, pp. 92-110. @ 
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nk ; and that, in order to weight the sludge and overcome that Mr. Lockett. 


fficulty, a suitable quantity of marl was added daily. Throughout 
§ experience, Mr. Lockett had found that activated sludge of good 
tiling properties could be obtained by the use of a liberal air- 
pply and a retention-period of the sludge and sewage in the aera- 
on-chamber long enough to ensure the presence of a substantial 
oportion of dissolved oxygen (about 50 per cent. of saturation), 
rt at least some part of each day, in the mixture of sludge and 
wage passing from the aeration-unit to the final separating-tanks ; 
, better, a retention-period suitable to obtain 1-0 to 2-0 parts of 
tric nitrogen per 100,000 in the final effluent. 

‘To prevent rising of sludge in the final separating-tanks, reduction 
‘the period of non-aeration of the sludge (namely, its detention in 
1¢ final separating-tanks) to a minimum, and thorough conditioning 
t “activating” of the sludge in the mixed-liquor channels before 
assing the mixed liquor into the final separating-tanks, seemed to 
@ effective ; and the latter might be most satisfactorily brought 
bout by the use of aeration-tanks so designed as to minimize short- 
reuiting as far as possible.1 At Mogden, where the aeration- 
were obviously so designed that the possibility of short- 
reuiting of fresh sewage-solids or partially-activated sludge was 
duced to a minimum, no practical difficulties had been experienced 
arough rising of sludge since the plant had been brought into opera- 

1 in December, 1935. 

e figures given in Table I (p. 333) were interesting, but for 
al reasons the analytical figures given in Table III (p. 341) 
much to be preferred for ascertaining the performance of the 
eshill plant, especially as they were average figures obtained 
y analysis of a number of samples taken over a long period. The 
1e of the data given in Table III, however, would have been 
ich greater if figures for the biochemical oxygen-demand of the 
swage and of the influent to the activated-sludge plant had been 
wluded. Perhaps the Author could supply those figures. 

With regard to sludge-digestion, the reduction in the organic 
or of the crude sludge, as shown in Table IV (p. 342), from 74*7 
‘cent. to 51-2 per cent., represented a loss of 64:5 per cent. of the 
anic matter, which was extremely good ; but the gas-yield of 
18 cubic foot per head of population per day was rather low, and 
ow what might have been expected. At Mogden, with a loss of 
anic matter by digestion of only about 46 per cent., the gas-yield 
‘head per day was rather more than 1-0 cubic foot. Both the 
centage reduction in organic matter and the gas-yield obtained at 


1 [bid., p. 343. 


Mr, Lockett. 


Mr. Cotterell. 


~ found it worth while to lay a pipeline several kilometres in len ath 
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Mogden were similar to those obtained by digestion of sludgeg 
many other works. The volume of gas produced at Coleshill 
pound of organic matter digested was apparently only about o 
half of that usually obtained. Probably the Author could read 
explain those somewhat unusual results. 1 

The Paper covered an exceptionally wide field and consequent 
it was only natural that it should leave a few loopholes for m 
criticism. None the less, one of its outstanding features, wort 
of much commendation, was its demonstration that by means of 
activated-sludge process a nitrified effluent could be regule 
produced on a large scale at a cost which was not prohibiti 
on that account, particularly, it was of considerable importance. 

Mr. A. P. I. CorrerEtt, referring to Table IV (p. 342), remark! 
that nearly 25 per cent. of the gas produced by the digestion of sluc 
was thrown away ; though the actual quantity might seem relat » 
small, he would like to know why it was necessary to waste sul i 
large proportion of what was really a valuable product. Germ 
engineers would be horrified at the idea of losing over 4,000, 
cubic feet of gas every year. In Stuttgart, for instance, they hi 


order that surplus sludge-gas might be taken into the general sw 
of gas for the city, and he could not help feeling that it was 
only within the role of engineers but was also their duty 
that no avoidable waste occurred. There should be some ga 
for that gas, which would be worth a not inconsiderable sum 
annum, 
He had just returned from the United States of America, w. 
he had noticed that less importance was attached to the value o: 
gas for power-production, at any rate in such cities as Chicago 
Milwaukee, than was the case in England; American authori 
said, and perhaps rightly, that they would rather leave the nif 
genous value in the sludge for treatment in other ways. The 
portion of organic matter removed from the sludge by digestion. 
mentioned on p. 337, and some part of that, he imagined, was ni 
genous matter. Engineers in the United States seemed te 
developing fertilizing materials rather than using gas for pow 
and they were putting up very large works for that purpose. 
own predilection was for the utilization of the gas produced frc 
sludge for power, lighting, and similar purposes, but it was un 5 
to overlook what was being done elsewhere. i 
Finally, he would like to say how valuable it was to have Pape 
such as that under discussion presented by those who were respo 
sible for the management and running of sewage-works after the 
were constructed. ; 
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Mr. W. H. Hitter remarked that the sedimentation-capacity Mr. Hillier, 
ovided was very large, being 16 hours dry-weather flow maximum, 
id the Author stated that that should ensure efficient separation 
‘the sludge. That should certainly be the case, provided that 
ere was no septic action in the tanks, but he thought that there 
as considerable danger of that occurring in hot weather, especially 
} surplus activated sludge was present in the secondary sedimen- 
tion-tanks. It was common practice to provide both primary 
\d secondary sedimentation-tanks with mechanical sludging devices 
| that sludge-removal could proceed at frequent intervals while 
e tanks were in flow. He was surprised to find that such devices 
sd not been provided in the secondary sedimentation-tanks at 
Jeshill, and that the sludge was removed manually from those 
nks. He would like to know how often that had to be done to 
event septic action developing. 

The notes on the operation of the oxidation-plant were most 
teresting. It seemed to him that the rising of the sludge referred 
) on p. 332 was due to the fact that the nitrification stage was not 
y far advanced, relatively large quantities of nitrites but only 
all quantities of nitrates being formed. When the period of 
hon was reduced, the oxidation was probably confined to the 


bon-oxidation stage, nitrites were not being formed, and the 
able of rising sludge was eliminated ; but when the time of reten- 
on was reduced still further, bulking of the sludge occurred, which 
dicated that there was too little oxygen available to satisfy the 
rygen-demand. 
revious speakers had referred to the advantages of complete 
‘ification ; it was certainly valuable where an effluent of a very high 
adard of purity had to be discharged, but where an effluent of not 
a high standard was required, owing to large dilution being 
rded in the stream into which the effluent was discharged, it was 
ferable to work only in the carbon-oxidation stage, with a smaller 
lantity of air per gallon of sewage and a correspondingly smaller 
ower-consumption, and to avoid the nitrification stage altogether. 
le had had experience of a plant worked in that manner, and none 
the difficulties experienced by the Author had been encountered. 
was stated that the sludge was liable to sudden changes in 
haracter owing to changes in the composition or rate of flow of the 
ace. That was a common experience, but the difficulty could 
‘considerably reduced if a store of reconditioned sludge were 
le. , 
‘ith regard to the addition of marl to weight the activated sludge, ge 
ts quantity of marl was added, and did that addition increase 
quantity of sludge to be dealt with in the secondary sedimenta-= 5 


wn 


~ had been selected for the treatment of the sewage at the Cole 
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tion-tanks ? If the bulk were not increased, the moisture-cont 
of the sludge would presumably be decreased. Further, as | 
activated sludge was repeatedly returning from the final tanks | 
was repeatedly being dosed with marl, it might be expected t 
the marl would accumulate in the sludge-flocs and would there# 
impair the flocculating qualities of the sludge. He was s 
that the organic-matter content of the dry secondary-tank slu 
was as high as 79-5 per cent., especially as the addition of mnt 
would tend to reduce the content of organic matter. 

Mr. M. F.-G. Wiison mentioned that on p. 330 the Author refer: 
to the use of steel containing 0-35 to 0-5 per cent. of copper 
committee of The Institution was studying the corrosion-resiste 
of various alloy-steels, including those with 0-5 per cent. anc 
per cent. of copper. That committee had found that the 0-5 
cent. steel was quite satisfactory, and that there was little o 
advantage in using the higher and more expensive percentage ; 
would be interesting to know the Author’s experience of it in ce 
nexion with the gas-collectors. 

The AurHoR, in reply, observed that the activated-sludge procd 
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works because, firstly, only a limited fall was available; second 
the process offered complete protection from smell nuisance; ¢ 
thirdly, it was estimated that the sewage would be chiefly off 
domestic character, and readily capable of complete treatment 
means of activated sludge. 

As Mr. Peirson Frank had pointed out, the local conditions neces 
tated a high degree of purification. The effluent was dischargy 
into the river Tame at a point where the minimum flow was or 
18 million gallons per 24 hours. 

The allowance of 30 gallons of sewage per head per day had proyy 
approximately correct in the case under discussion, where there ° 
little or no trade waste and where the sewers were watertight 
reply to Mr. Hetherington, so long as the tipping of large quantiti 
of cesspool-waste into the sewer had continued, chlorine had be 
added at intervals. During that period the activated-sludge ple 
had required all the protection that had been provided by pr 
aeration tanks and means of balancing the flow. For the la tt 
purpose the extra capacity provided in the secondary sedimentatio: 
tanks was equal to 3:1 hours’ dry-weather flow and that in 
aeration-tanks to 4:1 hours, a total of 7-2 hours’ dry-weather f ; 
The variation in water-level was controlled automatically after th 
penstocks in the effluent-weir wall of the aeration-tanks had bee 
set in a position determined by the method of trial and error, 
tipping of cesspool-waste had now diminished and, under the nor 
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onditions that now prevailed, the plant had proved robust. There The Author, 


ras no need to “ nurse ”’ it in any way. 
‘Tn connexion with the proposed extensions to the Coleshill works, 
fr. Whitehead had pointed out that, assuming that no increase took 
lace in the strength of the sewage, the plant could be made capable 
f dealing with a flow 50 per cent. greater than that for which it was 
esigned, without further expenditure on sedimentation- or aeration- 
anks. That would bring about a considerable reduction in the costs 
hown in Table II, p. 339. 
Mr. Townend had made comparisons between the Coleshill works 
t Birmingham and the West Middlesex works at Mogden. The 
lans of the Coleshill works were approved by the Ministry of Health 
nd sanction to the loan received in December, 1931; the opening 
f the works took place in October, 1934. The opening of the 
fogden works took place two years later, in October, 1936. The 
tuthor was glad to hear that the designers of the West Middlesex 
vorks had benefited from the pioneer works designed by the Drainage 
joard in Birmingham, where large-scale activated-sludge plants had 
een in operation since 1923. 
So far as the Author was aware, there was nothing in the design of 
he Coleshill plant which, under otherwise suitable circumstances, 
d prevent purification being taken to the point of advanced 
vification, if desired. That had, however, been found unnecessary. 


s than at Mogden. With that arrangement at Coleshill better 
ution was given to the sewage as the result of meeting a well- 
ed liquid immediately on entering the plant. 
ith reference to the figures in Table II, the Author suggested 
¢ engineers who were able to produce similar information should 
encouraged to do so and not advised to wait until figures were 
jlable regarding plants constructed on similar sites, serving 
sulations of similar size, treating sewage of similar character, and 
oducing a similar standard of effluent. 
In five out of the six cases given in the Table the effluent had an 
en-absorption figure of less than 2 parts per 100,000. The 
srcentage purification thus depended largely upon the strength of 
sedimented sewage, and was of little value for the purpose of 
nparison. The capital outlay given excluded that on the pre- 
eration tanks and on the primary and secondary sedimentation- 
nks. The sedimented sewage referred to was the effluent from 
, secondary sedimentation-tanks, which had previously received 
tment in the pre-aeration tanks. The surplus activated sludge 
¢urned into the latter tanks and not into the primary sedimen- 


e forward velocity of the sewage in the aeration-tanks was much ~ 


The Author, 


P ~— 
a) 3 - 
) 


ay et ee st ae ae 
360 DISCUSSION ON THE DESIGN AND OPERATION OF THE 


It would be seen that, for the purpose of the comparison betw 
the six plants in Table II, the power for Plant No. 6 had been ¢ 34 
at the same price, namely, 1-ld. per unit, as for Plants Nos 
and 2 at Minworth, where the transmission charges were heas 
The actual cost of power at Coleshill was given on p. 340. In e¢ 
sidering the capital outlay per head of population, due regard had 
be paid to the wide variation in size of the different works. ' 
same remark applied to comparisons between the cost of gas: 
Mogden and at Coleshill. 

In connexion with the supply of power, the type of costing gin 
on p. 340 had been adopted for the information of those who wish 
to consider a plant for dealing with a certain quantity of sewage a 
who had no intention of doubling the plant at an early date. At 
Coleshill works provision had been made for increasing the pow 
plant at an early date. For the purpose of determining the « ost 
power on p. 340, capital charges had been omitted on that portior 
the power-house which had been constructed for future use, h 
which was not occupied at present. The Board would, of coun 
actually have to meet those charges. 

Referring to Table IV (p. 342), it would be seen that the avera 
flow of activated sludge returned to the aeration-tanks was 32:5 
cent. of the dry-weather flow of 2,000,000 gallons per 24 hours 
typical sample of the mixed liquor in the aeration-tanks show 
approximately 10 per cent. of settled sludge after 1 hour or 7 y 
cent. after 18 hours’ settlement. 100 milli-litres of the latter setth 
sludge contained approximately 1 gram of dry solid matter. — 
Peirson Frank had mentioned figures relating to the activated-sludk 
plant at Barking, which, apparently, worked under some’ 
similar conditions to those of the partial-treatment plants oper 
by the Birmingham Drainage Board at Minworth. In those pli 
the average flow of activated sludge returned to the aeration-ta 
was 12 per cent. of the dry-weather flow. A sample of the m 
liquor in the flocculation-tanks showed approximately 2} per 
of settled sludge after 1 hour and the same proportion after 18 ha 
settlement. a Ff 

Dr. Calvert and Mr. Hillier had asked for further informa‘ 
regarding the use of marl to cause the activated sludge to settle mo 
readily in the separating-tanks and, at the same time, to improve ti 
effluent. The marl plant comprised two small tanks, each 6 fe! 
by.3 feet in plan, in which from 3 to 6 ewt. of marl per day wi 
mixed in water with the aid of an air-jet. A small stream of t] 
mixture flowed continuously into the activated sludge returning - 
the aeration-tanks, The marl did not impair the flocculating prope 
ties of the activated sludge, and the amount used was so small t : 
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? 
lid not appreciably affect the quantity of sludge to be dealt with The Author, 
the secondary sedimentation-tanks. Those tanks were emptied 

1 cleaned out every 10 days. The time spent and the amount of 

rk to be performed in cleaning them did not justify the provision 
mechanical sludging devices under present conditions. The 

Wier sludge deposited in the primary sedimentation-tanks was 

aoved under water with the aid of mechanical scrapers. 

With reference to the digestion of the sludge, the pre-aeration 

ks served a useful purpose in ensuring that the surplus activated 

dge was thoroughly incorporated with crude sludge before the 

2 were pumped from the secondary sedimentation-tanks into the 
estion-tanks. Both primary and secondary digestion-tanks were 

the rectangular type, in which digestion proceeded in biological 


es. By those means activated sludge was prevented from short- 


iting and finding its way to the drying-beds in a partially- 
sted state. 
At Mogden a dry-weather flow of 40 gallons of sewage per head 
‘day contained 29 parts of suspended solids per 100,000. At 
eshill a dry-weather flow of 30 gallons per head per day contained 
arts of suspended solids per 100,000. After allowing for the 
al matter in both sewages, and considering the actual gas- 
t Coleshill, a considerably higher gas-yield would be expected 
den than the 1 cubic foot per head per day stated, assuming 
ludge to be digested equally completely. 
typical sample of the sludge from the primary sedimentation- 
at Coleshill had a grease-content of 26 per cent. It had not 
found necessary to raise the digesting sludge to as high a 
ature as 90° F., and the Author was interested to hear of the 
ion made by Mr. Frank for working at a temperature of 95° to 
if desired. Water drawn from the primary digestion-tanks 
ssed through the secondary digestion-tanks so that as much 
e material as possible might be removed before it was returned 
© sewer. 
reference to Dr. Calvert’s question as to what happened to 
anic matter in the crude sludge during the process of digestion, 
owing figures might be of interest. In Table IV (p. 342) 
were given relating to the sludge and the gas evolved. 
ng those, it was found that the amount of volatile matter 
disappeared during digestion was 750 tons, and the weight of 
produced was 484 tons, the difference being 266 tons. That 
ence included the organic nitrogen and carbon in the crude 
se which were converted into carbonates of ammonia and 


ching 100° C., they were not measured as volatile matter — 


in solution in the digested sludge liquor. Being volatile ee 


The Author. 


in the subsequent determination. Calculations based w on: 
amount of nitrogen in the crude sludge (4:98 per cent.) and it 

digested sludge (2-56 per cent.) showed that that difference ace ou 
for about 75 per cent. of the 266 tons. That was supported by 
figures for ammoniacal nitrogen in the digested sludge liquor. 1 

With reference to the drying of the digested sludge, it was pw 
on to the drying-beds to a depth of 18 or 20 inches and mai nte 
at that depth by refilling during the first three or four days. 
time required for drying varied between 6 and 10 months. 
average thickness of cake produced was 5 inches. Where cire 
stances permitted it was desirable to increase the area some 
above the allowance of 1 square yard to every 34 persons. 

The site of the works was composed of a fairly loose gravel 
lying marl. Very little bad ground had been encountered, alth 
some water had to be dealt with. No difficulty had been experie 
in constructing the deep sumps in the primary sedimentation-te 
as they were in good stiff marl. In each secondary sedimenta 
tank there were holes in the floor, covered with a skin of cone: 
they were provided to relieve any exceptional water-pr 
beneath the floor. Sewage could not escape, as cut-off walls ex 
ing down into the marl were provided beneath all walls of the ' 
The ground had been sufficiently good to prevent the formati 
any serious cracks, 

The air-compressors of the crescent type with sliding blade: 
at the Coleshill works had proved as reliable as the reciprot 
compressors used under similar conditions at the Board’s Min 
works, and the maintenance-costs were approximately the sal 

Mr. Wilson had referred to the corrosion-resisting propert 
steel containing as much as 2 per cent. of copper. The steel u 
the gas-collectors at Coleshill, containing between 0-35 and ( 
cent. of copper, had proved satisfactory. The Author ha 
experience of steels containing the higher percentage. 

In conclusion, the Author wished to thank those who hac 
tributed to the discussion. He had tried to express his gratitu 
endeavouring to give adequate replies to the questions raised 
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The following Lecture was then delivered, and the thanks of 
Institution were accorded to the Lecturer. 
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_ “Air-Raids as they Affect the Work of the 
¢ Civil Engineer.” 

z By Colonel Witt1am GarrortsH, D.S.0., M.C. 
ia (late Royal Engineers). 

2 


Ar the outset, I wish to make it clear that this lecture deals ex- 
ively with the passive defence measures advocated by the Govern- 
ment (through the medium of the Air Raid Precautions Department) 
in the event of war, and endeavours to show in what respect these 
leasures are of particular interest to engineers, and how engineers 
materially assist in their carrying-out by the judicious design 
structures, 
idiots conceptions of the probable effect of air-raids vary from 
le views of alarmists to the views of those who, while admitting 
at air-raids are possible, consider that they could never happen 
i the British Isles. Extreme precautionary measures, of an un- 
asonable nature, would be necessary to meet the extreme alarmist 


be contemplated. The Government recommendations are intended 
9 provide protection on a reasonable scale. The Air Raid Precau- 
ons Department has prepared various publications on the subject, 
ch can be obtained from H.M. Stationery Office, Kingsway, 
ondon W.C.2. Handbook No. 5, which will deal with structural 
autions, is now under preparation. It is suggested, however, 
engineers would be interested in Handbook No. 1, “ Personal 
rotection against Gas,’’ and Handbook No. 6, “ Air Raid Precautions 
Factories and Business Premises,’’ which are now available. 


BomsBs AND THEIR EFFECTS. 


n order to get a clear conception of the whole subject, itis necessary 
study the types of bombs which may be used in aerial warfare 


3808 of Bombs. _ 
The different types of bombs that may be used are :— 


_ (a) High-explosive bombs. 
_(b) Incendiary bombs. 
(c) Gas bombs. 


* 


s, whereas at the other end of the scale no action at all would — 
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The nature, general effects and object of each type are as follows :- 
(a) High-explosive bombs.—These bombs carry a high-explosive 
charge, and are used to do damage to personnel and material. 
This damage is caused by :— 
(i) Fragmentation, which is the bursting of the case into smé UL 
splinters which are projected in all directions with grea 

velocity. | 

(ii) Blast, which is the sudden air-pressure wave set up by the 
force of the explosion. ' 


They can be fitted with a sensitive fuse so that they burst | 
impact. In this case the fragmentation and blast effect are com 
bined; the bomb usually has a relatively light case, and the pre 
portion of weight taken up by the explosive content is about 25 per 
cent. ; 

They can also be used for penetration, in which case a delayed 
action fuse isemployed. The case of the bomb is usually strengthene 
and is of the A.P. (armour-piercing) or 8.A.P. (semi-armour-piercingy 
type. This strengthening of the case reduces the explosive conte! 
to about 10 per cent. The fragmentation-effect is reduced accordi 
to the depth of penetration, and the general effect of such a bor 
exploding underground is similar to that of a mined charge. — 

The A.P. bomb and the S.A.P. bomb are specially designed f 
attacking very highly resistant targets, so that against ordinai 
structures the use of the lighter-case bomb may be expected, thoug 
the S.A.P. bomb may occasionally be used as well. 

High-explosive bombs are made in weights ranging from abo 
20 lb. to 2,000 lb. and possibly more. Those over 1,000 Ib. are onl 
likely to be used against very special targets, and weights of tl 
order of 250 to 500 lb. are probably the most suitable for use agair 
ordinary buildings. 

(b) Incendiary bombs.—These range in weight from 1 kilogra 
(2 lb. 8 oz.) up to about 60 Ib. It is expected, however, that t 
light 1-kilogram bomb will be more freely used than those of great 
weight. This bomb will penetrate any form of light roof. 

The methods of protection against this bomb are :— 

(i) The bomb can be prevented from entering the building by 
the provision of a reinforced concrete roof 4 to 6 inche 
thick. | 

(ii) Where the roof is vulnerable, the top parts of the build 
should be rendered as fireproof as possible, and recogniz 
fire-fighting methods employed to deal with the bo 
soon as it has come to rest. This will probably be 
first floor that it encounters. . 
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 (c) Gas bombs.—Information about gas is to be found in Air Raid 
Precautions Handbook No. 1, previously mentioned, and as pro- 
tection against gas can be provided by hasty expedients and by 
the use of respirators, the subject is out of place in a lecture on 
‘structural precautions In the design of new buildings, however, a 
good deal can be done to enable these expedients to be carried out 
ly and effectively. 


. 
The Fall of Bombs. 
_ From the point of view of structural protection, the only important 
considerations in regard to the fall of a bomb are the angle and the 
velocity of its arrival. 
_ The angle of arvival is dependent on the height and speed of the 
‘aircraft at the moment of release, and also to some extent on the 
pallistic design of the bomb. Assuming normal design, the angle 
f arrival of a bomb from an aircraft flying at 200 miles per hour 
Varies from about 38 degrees from a height of 2,000 feet to about 17 
legrees from a height of 12,000 feet, these angles being measured from 
the vertical. It is therefore evident that bombs may strike the 
sides of buildings. 
_ The velocity of arrival of the bomb governs the impulsive force 
of the blow due to the bomb itself, and the penetration effect. It 
aries with the height of release and the ballistic design of the bomb, 
ut, assuming good design, the weight of the bomb does not affect it 
naterially. The rate of increase of velocity with height falls off 
‘Tapidly above a height of 10,000 to 12,000 feet. 


Effects of Bombs. 
In considering structural measures of protection, the following 
primary effects of bombing may have to be dealt with :— 
(a) Impact of bomb. 
(6) Penetration of bomb. 
(c) Explosive effect :— 
(i) on impact, 

(ii) in an enclosed space, 

(iii) after penetration into yielding material, 

(iv) in close contact. 


- (d) Fragmentation effect and penetration of splinters. 


In some cases there may be a combination of two or more of 

hese effects. ; 

(a) Blow of impact.—Whether the bomb penetrates, breaks up or 

. detonate, the 
ie ci = 


énergy of the blow must be considered. On an oe 
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unyielding target the intensity may be very considerable. In thea 
case of a 500-lb. bomb dropped from 10,000 feet the energy is of thee 
order of 5 million foot-lb. concentrated on the actual small area of 
impact. If the bomb strikes more yielding material composed of a 
mass of separate particles such as earth, sand, or shingle, this energy; 
will be more gradually absorbed and dissipated by retardation. during; 
penetration. The energy will also be dispersed in all an 
radiating from the point of impact or pressure. A structure support; 
ing a depth of such material will have the energy transmitted to it 
but in the form of a distributed rather than a concentrated load. 


(b) Penetratcon—This is largely dependent on the nature ai 
material of the target. With solid resistant material, penetration: 
may be effected by “ punching” a hole, by disintegration of theg 
material according to its nature, or by a combination of the two.. 
With a sufficient thickness of the material to prevent complete: 
penetration, disintegration of the surface, for varying depths, or 
deflexion of the material will occur ; flakes or masses of the material! 
may also be projected away from the reverse side of the structure 

(c) Explosive Effect — | 

(i) On impact.—Apart from fragmentation, the primary 
effect is blast due to air-pressure produced by the explosion. . 
This pressure is of a very high order in the immediate 
vicinity of the explosion, but falls off rapidly in unrestricted 
air-space. The time taken for the pressure to act and dies 
away is approximately 1/1,000 second, the force reaching itss 
maximum in 1/10,000 second, after which it falls off 
abruptly, and is zero by the end of the 1/1,000 second. . 
The pressure, therefore, sets up momentary and violent 
impulsive forces against any material or structure in the? 


owing to surface reflection and the concentration of effort i 
the direction of least resistance. 


pressure-wave is more effective in destruction, and may be } 
subject to some degree of definition. A guide to its effect j 
may be obtained from the methods of employing concussion- 
charges for demolitions. ; 
(ili) After penetration into yielding material—The dis- - 
ruptive effect is similar to that of a mined charge, and 
calculations made on that basis will cover the worst effects 
that may be expected. It should be noted that the maxi- : 
mum and effective radii of rupture determined by the 
_ mining formulas in military textbooks are based on th 
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destruction of an underground timbered gallery ; the effects 
should therefore be less destructive if concrete or other 
‘ strongly-constructed underground structures were under 
consideration. 

(iv) In close contact—The explosive effect where actual 
contact takes place with structural material such as walls 
is a case for consideration, though the chance of this con- 
dition is small ; a bomb detonating on a road, or other hard 
surface, may, however, produce practical contact, and the 
effect on the material must be taken into account. 


- (d) Fragmentation —The distribution of fragments or splinters 
from a bomb detonating on the surface in the open is more or less 
regular radially, though some small increase in a forward direction 
may be expected. 

The greatest concentration of fragments will be from the zone of 
the centre section of the bomb; towards the nose it is smaller, and 
still less towards the base or tail. Splinters will be thrown out 
tadially in all directions, the highest density being from 15 degrees 
above to 15 degrees below a plane through the centre of the bomb at 
right angles to its longer axis. Owing to the angle of arrival of a 
jomb the maximum concentration of projected splinters will be 
slightly upwards in a forward direction, and the reverse towards the 
ar. Fragmentation will be reduced where penetration takes place. 
The splinters are given a very high velocity by the explosion, and, 
though in the immediate vicinity of the explosion the blast or 
ressure-wave precedes them, at a distance varying with the size of 
he bomb the fragments overtake and proceed in advance of the 


PROTECTIVE MEASURES. 


ogrees of Protection. 

‘rom the details already given it must be obvious that complete 
tection against aerial bombardment can only be obtained at 
siderable expense. For instance, to obtain complete protection 
st a 500-Ib. §.A.P. bomb about 60 to 70 feet of earth, 12 to 15 

of reinforced concrete, or some proportionate combination of 
two is required above the space to be protected. Such protection, 
ywever, need not be general, as although the 500-Ib. 8.A.P. bomb 
> be met with here and there it will normally be employed only 


basement of a well-constructed multi-storey building of, say, 


st special targets. It is also most important to remember that _ 


oreys or more good protection can be obtained against the = 
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500-lb. bomb fitted with a direct-action fuse or a ea 
action fuse. Normally, it is recommended that protection should 
be provided against blast, splinters, gas, and the lightest incendiar 
bomb. 
The Effect of Blast. 
Blast-effect is one of the most difficult subjects of investigation, 
and further information, as stated before, is being collected. ib 
blast-pressures were sustained as in the case of wind- ~pressure- then 
are few walls in existence which could resist them, but, as previousl 
stated, they are only momentary, and this makes all the difference, 
It is thought that the investigations now being made may tend t 
show that buildings of normally-strong construction will not be | 
affected by the blast of bombs exploding not nearer than 50 feet away. . 
Protective Measures. . 
One of the most effective measures of defence is dispersion. This: 
is not a subject of direct interest to the engineer, but it should be 
mentioned in order to complete the picture. The greater the number tf 
of individual targets which have to be attacked, the less is the relative 
effectiveness of each attacking aircraft. Also, the greater the relative 
areas of open spaces, the less is the chance of a direct hit. For 
Government factories it is recommended that only one-eighth of an 
particular area should be covered by buildings. 
Concealment or camouflage is another means of defence, and a 
special experimental establishment is about to be set up under th , 
Air Raid Precautions Department in order to study that question, 
7; 


Materials. 


A Table showing the thicknesses of various materials which will! 
provide protection against splinters from high-explosive boas 
bursting not nearer than 50 feet away will be found in the Air R 
Precautions Handbook No. 6. It may be mentioned here tha 
13} inches of brickwork, 1 foot of reinforced concrete, 14 inch of f 
steel, or 2 feet 6 inches of earth or sand will resist penetration by 
splinters. The wall-thicknesses required to give protection agains 
splinters will also provide reasonable protection against blast. 

Reinforced concrete 4 to 6 inches thick in roofs will provide pré . 

— tection against the lightest incendiary bomb, and 15 inches of rei 
forced concrete against incendiary bombs up to 25 Ib. in weight. — 


— Windows. | i | 
A note on the protection of windows is given in the Appen adi | 


(p. 376). an 
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‘Lypes of Shelters. 


_ Protection of a very high order is available in some tunnels, mines, 

sinderground galleries and caves; such places ought to be used as 

shelters wherever it is possible and safe to do so, but there are not 
enough of them to provide more than a very small contribution to the 

‘protection of the whole population. 

The normal forms of shelter accommodation may be classified as 
follows :— 

(a) Refuge-rooms in which no structural alterations have been 
made, but which by the use of expedients will give pro- 
tection against gas and possibly against splinters. 

(b) Protected rooms, in the construction or of adaptation of 
which structural precautions have been taken in order to 
provide protection against the direct impact of incendiary 
bombs and against the effect of blast, splinters, and gas. 

(c) Shelters, which are rooms or other accommodation, in or 
apart from buildings, specially constructed as shelters. 
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Choice of Sites for Shelters. 

 §uitable sites for buildings to contain shelter accommodation are 
those in wide streets or squares, orfacing open spaces. Sites adjoining 
buildings which have a low standard of resistance or abnormal fire 
tisks, or which are near areas of military importance, should be avoided. 
- The more substantial the protection afforded by the roofs, walls, 
and floors of a building, the greater is the degree of protection afforded 
by a shelter therein. Generally speaking, multi-storey steel-framed. 
or reinforced-concrete buildings are the most suitable for containing 
ghelter-accommodation. They should be of fire-resisting construc- 
tion, preferably with solid concrete floors and roofs and with solid 
‘cross walls or partitions, and should have a fair proportion of solids 
+o voids in the external walls. 

The following features in multi-storey buildings are disadvan- 
tageous :— 

(a) External walls with a large proportion of voids to solids. 

(b) “ One-cell”’ floors, or floors with no partitions between 
a external walls. 

_ (c) Timber floors, or roofs or floors of weak construction. 

 (d) Doubtful lateral strength. 

(e) Roof-lights with top glazing. 

(f) Heavy objects on upper floors. 


= - above roof-level. 
- (hb) Buildings in which the occupancy involves abnormal fire-risks. 


 (g) High chimneys and parapets or heavy architectural features * es 
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Location of Shelter Accommodation in a Building. 


Having selected a suitable building on a suitable site, the best 
location for shelter accommodation must be chosen. In general, 
below-ground accommodation is best, as it is likely to have a grea 
degree of lateral protection, but it should not be lower than the water- 
mains or sewers. If this is unavoidable, the accommodation shou 
be constructed as a tank with entrances above flood-level. 
Where the walls are of sufficient thickness to afford lateral pro-- 
tection and the windows are of normal size, and providing that 
effective gasproofing is possible, the ground floor of a building may 
be considered as suitable for the location of shelter accommodation, 
but the doors and windows should be protected by sandbag walling 
or earth between shuttering to prevent the ingress of splinters. 
Shelter accommodation on upper floors should generally be not} 
lower than the second floor, and should have a minimum cover of two 
floors and the roof of the building. 
Shelter accommodation should not be adjacent to internal court 
or light-wells. It should not be sited immediately below large water- 
storage tanks, safes or heavy machinery which might be dislodge 
by a bomb and crush the roof of the shelter. 


General Methods of Shelter-Construction. 


A consideration of the best methods of constructing shelters in 
new buildings will often help in selecting the most suitable places for ' 
shelter accommodation in existing buildings. The main points to be | 
considered are :— 

(a) Reinforced concrete is the most satisfactory material, and — 
reinforced brickwork is a good substitute. : 
(6) The floor forming the roof of the shelter accommodatiot 
should be made strong enough to take the weight of © 
debris which might fall on to it should the upper parts of ° 
the building be damaged and collapse. 
(c) The walls and roof of the shelter accommodation should not 
be pierced by pipes or conduits; if this is unavoidable, — 
the holes should be efficiently caulked by means of some - 
elastic material such as bitumen. Facilities for shutting — 
off all gas and water services by means of suitable stop- — 
valves should be provided. 

(d) Where shelter accommodation is provided on upper floors 
the window-area should not be greater than is required © 
to provide normal lighting for peace-time use. The sills _ 
- should be kept as high as possible and the individual — 
windows as small as possible. 
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; 
Capacity of Shelter Accommodation. 

, As a general rule, shelters should not accommodate more than 50 
persons, and the number of persons who can use a shelter of a given 
_ size which has been protected against gas can be calculated from the 
whole surface-area of the shelter, including walls, floor, and ceiling, 
_ by allowing 75 square feet per person. If it is required to accom- 
- modate more people in a shelter than can be allowed on that basis, 
_ mechanical ventilation must be provided, and in that case the floor- 
_ space allowance of 6 square feet per person is desirable, but it should 
never be allowed to fall below 34 square feet per person. A gas- 
“proof filter through which the air is drawn will be necessary. 


General Notes on Shelters. 


ae All shelters should have at least two entrances protected by air- 
locks, and, if below ground, should have an emergency exit to the 
open air. Any doors exposed to the open should be protected from 
splinters by some form of traverse constructed of splinter-proof 
_ material. Such doors should open outwards, and should be made of 
solid wood at least 2 inches thick in order to withstand blast. 

_ Some independent form of lighting should be provided for use in 
the event of failure of the electric supply, and in the case of large 
shelters a petrol-engine plant which will also operate the ventilating 
system is recommended. Such a plant should be in a separate part 
of the shelter accommodation, but its controls should be within the 
shelter itself. 

In the case of smaller shelters heating will not normally be pro- 
vided ; where necessary, it should be electrical. It is desirable, both 
for heating and lighting, to avoid methods which consume oxygen. 

- Sanitary arrangements must be provided, preferably in ventilated 
accommodation off the main shelter. Dry or chemical closets can be 

used when ordinary sanitary accommodation is not possible. 

Various items of equipment are recommended for shelters, such as 
a storage-tank for drinking-water, fire-extinguishing appliances, an 
independent wireless set, materials for gas-proofing, and tools for use 


: 


if entrances are blocked by debris. 


a Wing-Commander E. J. Hodsoll, the head of the Air Raid Pre- 


Department if any information on the subject of air-raid precautions 
is required. 


cautions Department, hopes that application will be made to his — 
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APPENDIX. 


Wixpows tn Arr-Raw REFUGES. 


1. In an air raid, unprotected windows are subject to the effects of the various: 
types of bombs in the following ways :— 


(1) They cannot resist penetration by splinters from bombs. 5 
(2) The glass may be broken by blast, in which case fragments of glass are — 
projected dangerously into the building. 
(3) If the glass has been broken there is nothing to prevent poison gas 
passing through the window-opening from the outside to the room 
within. | 
2. The only way to prevent splinters passing through a window opening is t¢ : 
block the opening with sandbag walls or earth between shuttering 2 feet — 
6 inches thick or to provide a steel shutter 1} inch thick, or to use other material — 
of sufficient thickness to resist the penetration of splinters. Brickbats (broken — 
bricks) about 12 inches in thickness between shuttering afford good protection | 
against splinters. One of the best ways of dealing with a window-opening is to 
remove the window-frame and to fill in the opening with brickwork in cement — 
mortar, taking care that the outer surface of this brickwork is flush with the 
outer wall of the building. This is often a cheaper method than the other forms 
of construction mentioned above, and it possesses the additional advantage of © 
taking less time to carry out. { 
Protection against the splintering of glass cannot be given by fixing steel or 
wooden shutters of reasonable thickness on the outside of the window-frame, _ 
owing to the fact that the pressure pulse due to blast is conveyed through such _ 
shutters to the air behind them which, being compressed, will shatter the glass. — 
3. Apart from the danger of flying splinters, the object of maintaining intact — 
the glass or a substitute for glass in a window-opening is, besides keeping out 
the effects of weather, etc., to prevent poison-laden air entering the room or — 
shelter. 
4, Air-pressure or blast due to a high-explosive bomb bursting a few hundre¢ 
feet away from an ordinary window has the effect of shattering the glass anc 
projecting the broken pieces with considerable velocity, causing serious danger _ 
to people inside the room. 
5. Complete protection of windows from the effect of blast and splinters at 
the above-mentioned distances from a bomb can be given by constructing on 
the outside sandbag walls or earth traverses, 2 feet 6 inches thick betwee 
shuttering, which must entirely cover the window-opening and which must 
touch the brickwork with an overlap of at least 12 inches all round. 
6. If complete protection cannot be given, the following recommendation: 
illustrate various ways of obtaining a substantial degree of protection. 


(i) The ordinary glass panes can be replaced by panes of laminated glas 
which in the case of small window panes, say 10 inches to 15 inche 
should be about 4%-inch thick. Larger panes should be thicke 
Laminated glass will stand up to blast pressure. It may crack, bu 
it will not break, and owing to the fact that it consists of thin layers — 
of glass with thin sheets of celluloid in between, it will remain gas- 
tight. It must be clearly understood that laminated glass is” 
necessary and that toughened glass will not serve the purpose. 
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(ii) The glass can be replaced by a non-inflammable celluloid material, such 


as cellastoid, 7;-inch thick, reinforced by }-inch mesh wire netting 
fixed rigidly to the frame of the window and in contact with the 
sheet of celluloid. 


(iii) Celluloid #-inch thick can be stuck on to the inner surface of the glass 


pane with a transparent cellulose varnish, and wire netting (4-inch 
mesh) fixed immediately behind the reinforced pane. Blast-pressure 
at the distance above referred to may crack such a window, but 
pieces of glass will be prevented from being projected into the room. 


(iv) Ordinary glass panes can be replaced by glass which is internally 


reinforced by wire netting. The danger arising from the projected 
pieces of glass is considerably reduced. 


(v) If ordinary commercial cellophane is gummed on the inside of an 


ordinary glass pane, it will not prevent the glass being broken, but 
it will reduce the risk of pieces being projected into the building, the 
reduction being dependent on the thickness of the cellophane 
employed. Commercial non-waterproof cellophane can be bought 
in rolls 3 yards long and 17 inches wide. Two thicknesses of this 
cellophane should be applied to the window panes. Although a 
cellulose varnish is the best adhesive, ordinary gum can be used to 
stick the material to the glass, but it should be examined from time 
to time and regummed when found necessary. The moisture-proof 
variety of transparent wrapping material, such as is used on cigarette 
packets, requires a cellulose varnish as an adhesive. If several 
thicknesses of cellophane can be used, so much the better. 


(vi) If celluloid or cellophane is not available, linen fabric (say from pillow- 


slips) should be gummed on the inside of the ordinary glass panes. 
This will not prevent the glass being broken, but it will reduce 
the risk of pieces being projected into the building. Alternatively, 
mosquito-netting can be used for this purpose. 


(vii) If none of the above materials is available, as a last resort thick paper 


can be used in the same way, but this is not very satisfactory and 
it possesses the disadvantage of being opaque. 


(viii) If the window is not protected against splinters and blast as suggested 


in paragraph (2), above, some provision must be made to block up 
the window-opening in the event of the window panes being fractured 
or driven in, as poison-laden air must be kept out of the protected 
accommodation. For this purpose, it is recommended that a frame 
should be kept handy which will fit accurately on the inside of the 
window, the inner surface of this frame being pressed against the 
window-frame by means of thumbscrews fixed at suitable intervals. 
Between the movable frame and the window-frame a rubber or felt 
gasket strip would help to make the joint air-tight. In this movable 
frame are fixed two layers of blanket material reinforced with strong 
wire netting (}-inch mesh) on each side. If, therefore, the existing 
window is punctured, the blanket window could be quickly placed 
in position to keep out the gas. 

The blanket material with the wire netting on each side of it 
should be fixed to the side of the frame which will be nearest the 
outside (i.e. nearest the bursting bomb). The ends of the blanket 
material should fall over the sides of the frame and be securely — 


fixed to it. The rubber or felt gasket should be fixed round the ee 
frame on top of the wire netting and blanket material. The bolt- 
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holes in the movable frame should be a good deal larger th 
bolts, and the thumbscrews on the bolts should only be 
home sufficiently tight to make the frame gas-tight. The ob 
these precautions is to avoid extreme rigidity in the fram 
and to enable it to have a small degree of movement which w yy 
to the effects of blast. | 
In cases where there are difficulties in providing the spare blam 
window, it is recommended that an old piece of carpet or ni 
should be kept handy and nailed to the inside of the window-fra 
in the event of the glass being broken. | 
(ix) It would obviously be a waste of money to employ laminated glass 
other glass substitutes in windows which would be much e pod 
to possible damage by splinters as well as blast. For instan oH 


building facing an open square the windows facing the square mij 
easily be damaged by splinters from bombs bursting in the squai 
On the other hand, for windows in the sides and rear of the buildé 
bounded by streets, the risk of damage by splinters would not bel 
great. In the latter three sides of the building therefore, it | 
be worth while replacing the glass in the windows by laminated gli 
or other glass substitutes to prevent this glass being damaged | 
blast. The only way to ensure protection of the glass in windd 
facing the square would be to cover them completely with a san al 
or similar wall. 1 
(x) Questions are often asked regarding the efficiency of various propos 
forms of hinged shutters, which in their normal position keep 
window opening gas-proof, but are intended to be blown open 
blast and then by means of their spring hinges to close and seal 
window opening. Actually, the inertia which has to be overcot 
before such a shutter can operate on its hinges does not allow the b 
pressure to open it quickly enough to prevent its being smash 
(xi) Horizontal pavement lights (glass prisms) may be expected to sta 
up to blast pressure provided they are very securely fixed in bi 
framework, | 
The same remark applies to glass prisms fixed into stallboz 
lights, i.e. vertical lights just above the pavement in the vertié 
walls of the building. 
If pavement and stallboard lights are protected by, say, a co 
of thicknesses of sandbags, such protection will assist in distrib 
the blast-pressure impulse. 


r Clement Sir Clement Hinpxey, Vice-President, in moving a vote of th 
oo to the Lecturer, observed that, although the problem was an ap 
___ ing one, he believed that protection was feasible. The human 
had always been able in time to devise means of defence for - 


against attack. Such precautions as those that the Lecturer hi 
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scribed were sometimes deprecated as unnecessary in Great Britain. Sir Clement 
hat view, however, was dangerously short-sighted, and it was of 
e greatest importance that the exploratory work of the Air Raid 
recautions Department should be prominently and continuously 

rought to the notice of the engineering profession and the general 

ablic. In The Institution there was a body of people with expert 
nowledge anxious and ready to help, and he felt sure that they 

juld be of assistance if they were told what was required. The 

roblem of protecting factories and buildings was a gigantic one, 

ad first-hand knowledge of what could be done would be useful for 

igineers in their work of design and construction. He would 

iggest to the Air Raid Precautions Department that they should 

lake use of the accumulated knowledge available in The Institution. 

Sir Leorotp Savite, Vice-President, in seconding the vote of Sir Leopold 
janks, remarked that in future wars the civilian population would Sv! 
ein the front line of defence, and that at last people were beginning 

realize that. As long as the civilian population was not 
emoralized, a country could go on fighting. 


[he vote of thanks was carried by acclamation, and was acknow- 
dged by the Lecturer. 


ah 
Yy ing-Commander T. R. Cave-Brownu-CavE explained that the Wing-Comm. 
ruction caused by an explosion was due to the production of a on 
ge quantity of gas at very high temperature which therefore 

xpanded to a great volume. In doing 0, it acquired great velocity 

ay from the origin, and therefore exerted an enormous intensity 

f pressure as a reaction on any adjacent solid. 

“The effect of the explosion on the surrounding air was to emit one 

‘more concentric pressure-waves having crests of extremely high 

sssure. The impact and reflection of such a wave on a solid wall 

is known to give a pressure-time graph having an intenscly high 

k followed by a period of more moderate suction. The effect of 

he wave upon an elastic or yielding partition was to give to it a 

+n amount of momentum per unit area, which could be expressed 

the form MV = fPdt, where M denoted the mass of the partition, 

the velocity imparted to it, and P the pressure acting at time f¢. 
kinetic energy produced in unit area of the partition would be 
2 — (fPdt)?/2M. The failure or survival of the panel depended 
on whether the amount of kinetic energy could be absorbed without 
ure. That energy might be absorbed either by deformation of 
, panel or by movement of the panel on its supports. It was, 
vever, interesting to realize that the energy to be absorbed as a 
ssult of a given blast was not constant, but was inversely pro- 
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portional to the weight of the partition per square foot. If the pa 
did not fail and was highly elastic it might rebound in recovery a 
perhaps produce sufficient velocity in the reverse direction to au 
failure in that way. A suction phase in the blast-wave migg 
synchronize with that rebound and thereby increase the chance : 
secondary failure. 
While it was probably true to say that except at a very s 
distance from a bomb the effect of blast would be insufioielll 
cause much structural damage, the foregoing consideration d 
indicate that partitions should be made so that they could y; 
or if necessary collapse without transmitting to the main framewod 
of the building sufficient force to do it serious damage. It also shows 
that windows, being comparatively light, would acquire great kir 
energy from a given amount of momentum and would have to y 
through a comparatively great distance if they were to av 
destruction. Blast was therefore of great importance in its eff 
upon windows and skylights. The breakage of glass greatly red 
protection against gas, the flying or falling glass fragments i involve 
great risk of injury to personnel, and broken glass in the str 
might well restrict the use of pneumatic-tired vehicles. 


Members present then asked a number of questions regarding | 
raid precautions. I 


The Lecrurer, in replying to the questions, stated that 
effect of a 500-lb. bomb on the service-mains and sewers beneath 
typical London street had been investigated by a full-scale test. 
had been found that all mains were shattered ; cast-iron mains 1 
breached locally only, but the joints of steel mains were damag ced 
considerable distances from the point of impact. A sewer two bi 


thick was only cracked. The maintenance of fire-fighting servic 
required special consideration on account of possible interruption — 


water-supplies. A special Air Raids Precautions Handbook 
being prepared for gas undertakings. 

Shelters in the grounds of factories might be utilized for othl 
purposes in peace-time, so long as they could be rapidly cleared w 
required, Upper floors of buildings should be cleared of inflamm: 
material so that incendiary bombs could be more easily dealt wit! 
A layer of sand on such floors was valuable. The probable duratic 
of air raids could not be estimated ; shelters should generally provic 
for about 4 to 6 hours’ continuous occupation. It was not considere 
necessary for local authorities to provide public shelters for 4 
majority of the population ; good houses should be selected te 
prepared and allocated as public shelters. 


' 
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ORDINARY MEETING. 
14 December, 1937. 


Mr. SYDNEY BRYAN DONKIN, President, 
in the Chair. 


» 
a 


__ The Prestpenv said that he was very pleased to announce that 
a, . . . 
_ the Council had that day unanimously appointed Mr. Edmund 


_ Graham Clark, M.C., B.Sc., Assoc. M. Inst. C.E., as Secretary of The 
_ Institution. He would like to add that that result had come about 


_ Mr. E. Granam Crark thanked the members present for the 
_ very cordial way in which they had received the President’s announce- 
“ment. He was proud to have been appointed to succeed his former 
chief and old friend Dr. Jeffcott as Secretary of The Institution, 


~ Institution and to be of service to its members. 


f The Council reported that they had recently transferred to the 
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_ The following Paper was submitted for discussion, and, on the 
motion of the President, the thanks of The Institution were accorded 
to the Authors. 


Paper No. 5150, 


a 


re “The Reconstruction of Chelsea Bridge.” ¢ 
_ By Ernest James Bucxton, B.Sc. (Eng.), and Harry JoHN 
% Frerepay, MM. Inst. C.E. 
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INTRODUCTION. 


- 'Tu1s Paper deals with the replacement of a suspension-bridge typical 
f 80 years ago, with its piled foundations, fixed portal-braced 
towers, iron suspension-chains, massive shore-anchorages, restricted 
roadway at each tower, and cast-iron ornamentation (Fig. 1, facing 
p. 384), by an essentially modern structure of deeply-founded solid 
piers, hinged towers without portals, self-anchored cables, un- 
‘obstructed roadway throughout, and no ornamentation (Fig. 2, 


_ + Correspondence on this Paper can be accepted until the 15th April, 1938. ss 
—Sno. Inst. C.E. ee 
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The old bridge was opened in 1858, as a toll bridge, but was entirely 
freed from toll 2 years after its acquisition in 1879 by the Metro- 
politan Board of Works. It was taken over by the London County 
Council when that body was constituted in 1888. Several years 3 
after its construction, it had to be strengthened by the addition of 
a third main chain on each side. Subsequently a 5-ton limit 
vehicles using the bridge had to be imposed. The old roadway was 3 
29 feet 4 inches wide, but was reduced at the towers to 22 feet 5 inches, , 
and proved too narrow for increasing traffic requirements. j 

In 1926 the report of the Royal Commission on Cross River Tra 
in London was issued ; it recommended that Chelsea bridge shoul 
be rebuilt and widened to carry all classes of traffic. 

Under instructions of the London County Council several schemes } 
were prepared in Sir Frederick Palmer’s time, the most favoured | 
one being for a six-line roadway with a traffic-circus at the Chelsea end. , 
Prolonged and unsuccessful negotiations took place for the acquisition . 
of the necessary land, and in 1931 the question of reconstruction was, , 
for economic reasons, temporarily shelved. Two years later it was | 
decided to proceed with the scheme, adopting a four-line roadway, , 
with traffic cuts at the Chelsea end instead of a circus, the Ministry of ' 
Transport agreeing to provide 60 per cent. of the cost from the = 
Fund. 

A road with a clear width to carry four lines of traffic on a brid, 
will efficiently serve considerably wider approach-roads which ha 
to contend with obstructions, such as standing cars, inflow and ow 
flow of traffic by side roads, pedestrian-crossings, trams, *bus-sto 
and so on, but when a bridge carriage-way has to be renewed it 
usually more difficult to divert the traffic than in the case of a s 
with its branch roads. Also, roads are constantly being widened 
property is rebuilt, and approach-roads always tend to be widened, | 
For these reasons a bridge should be constructed, if possible, with a 
somewhat wider roadway than is necessary for the actual traffic- 
flow. 


Type or BripGe ADOPTED. 


Most of the bridges between Chelsea bridge and Tower bridge are 
rightly of arch type, in keeping with the London setting, but at 
Chelsea there is a straight reach of the Thames, with the Chelsea | 
embankment on one side and the tree-clad bank formed by Battersea 
park on the other (Figs. 3, Plate 1). Chelsea bridge stands at on 
end of the reach and the Albert bridge at the other, and they are both 
rightly bridges of suspension type. 

The setting is suitable for either type of bridge, but the number and 
size of spans of an arch bridge would have to be controlled by th 


Fig. 1. 
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OLD CHELSEA BRIDGE: 26TH OCTOBER 1934. 
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adjacent four-span Victoria railway-bridge, whose openings had 
originally been planned to suit the old suspension-bridge. Apart 
from the objections to a four-span arch bridge, the “ tunnel ” effect 
‘on river-traffic of two arch bridges close together would have been 
most undesirable. 

_ The former selection of a suspension-bridge was confirmed, and it 
was found best to construct the new piers on the site of the old ones, 
‘as it gave fairly satisfactory centre and shore spans and permitted 
both demolition and reconstruction of each pier to be carried out 
within the same cofferdams. 

_ For a modern bridge the existing anchorages would have been 
inadequate, and their replacement by new independent anchorages in 
‘clay formation would have been expensive. It was therefore decided 
to adopt the self-anchored type of bridge, which has for some years 
_past been developed abroad. In such bridges deep stiffening girders 
‘Tun from end to end, and the cables after passing over the towers are 
anchored to the ends of the stiffening girders, the ordinary anchorage 
ulls being replaced by thrusts in the stiffening girders, and the only 
shore attachment being by vertical lmks of minor importance. This 


. 


type, in consequence of its heavier stiffening girders, has the additional 
“Advantage of greater stiffness and freedom from vibration. 
= When a six-line bridge was being considered it was found that the 
“usual portal between each pair of towers would be most unpleasing 
in appearance. The height of the towers depends upon the span, 
which in this case was a fixed quantity. Consequently the height 
f the new towers had to be much the same as that of the old ones, 
but as the six-line road was to be three times as wide as the old road, 
he portal, which was rather attractive in the old bridge, would have 
n unsightly in the widened bridge ; it was therefore decided to 
mit the portal and to support the towers laterally beneath the 
nadway. Later, when a four-line carriageway was decided upon, 
he same principle was adopted, although its need was less urgent. 
The carriageway had to be connected to the existing roads on 
Chelsea and Battersea sides at a level of approximately -++ 35-0 
D., and had to rise to + 42-35 O.D. at the centre of the river to give 
necessary headroom for river craft. It was decided to adopt a 
-45 grade for each shore span, joined by a vertical curve for the 
tre span of 7,031 feet radius under dead-load conditions (Figs. 4, 


ate 1). 


THrorRyY oF SeLF-ANCHORED SUSPENSION-BRIDGE. 


The self-anchored type of suspension-bridge adopted has been 
ased in various places on the Continent and in America where site- 
sonditions made it undesirable to subject the anchorages to horizontal 
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loads; a particularly fine example is the bridge across the Rhine at: 
Miilheim near Cologne, with a main span of 1,033 feet and a roadway 
width of 56 feet. 

The main cables of bridges of this type are made fast to the ends of 
the stiffening girders, and the only load taken by each of the abutment-~ 
anchorages is the algebraic sum of the vertical components of the 
cable tension and the stiffening-girder compression, the end shear; 
from the side spans, and the local loading of the portion of the road-| 
way carried by the anchorage ends. The ordinary principles of su 4 
pension are unaffected. Stiffening girders, by their resistance tox 
bending, distribute the effect of local live loads over all hangers Pe 
the main span or shore span, according to the position of the live: 
load, and the hang of the cables automatically adjusts itself to suehi 
distributed additional loads, the towers pivoting and the suspensi om 


uniform tension in the main cables. 

In the case of the new Chelsea bridge the lengths of the spans, 
stated above, were fixed by existing river conditions. The height: 
of the cables at the centre of the bridge was fixed at 13 feet abo 
road-level to keep them above the line of sight, and the height of t 
towers was determined on the basis of economy combined with go 
appearance. 


cables over the unloaded spans adjusting themselves to the increas 


LOADING. 
Local Loading. 

The loading adopted for the carriage-way of the bridge was based: 
on the Ministry of Transport standard loading. For the floor-' 
system, the conventional 20-ton tractor followed by three trailers 
each weighing 13 tons, with an overall length of 75 feet was adopted: 
as the live load, and the local loading for the footpaths was taken 
100 lb. per square foot. 


7 
7 
| 

i 


Impact. 

The impact-factor was varied by consent of the Ministry to make 
allowance for the maximum probable loading of portions of h 
structure with more than one line of traffic. Thus, for the buckle-- 
plates, cross beams and stringers, the normal impact-allowance of| 
50 per cent. was used, but for the cross girders loaded with four line 3 
of traffic it was reduced to 30 per cent. 3: 


" 


Loading for the Main Suspension-System. | 

For the main suspension-system, a uniform load per square foot | 
was taken, equal to 90 per cent. of the figure given in the Ministry of | 
Transport equivalent-loading curve for the loaded length unde ] 


ong De 
. iy 
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consideration, together with a knife-edge load of 2,430 lb. per foot 


width. These reductions were allowed by the Ministry of Transport 
in view of the probability that all four lines of traffic would not be 
fully loaded. 

The footpath loading for the main suspension-system was taken 
as 84 lb. per square foot on an effective width of 12 feet for each 
footpath. 


Lateral Loading. 

For lateral loading, wind-effects were calculated on an assumed 
“pressure of 20 lb. per square foot with full live loading, and of 50 Ib. 
per square foot with dead load only, the wind-system being taken as 
a continuous girder over four lateral supports, one at each abutment 
‘and one at each pier. The wind-effects, however, were found to 
be small. As the main object of the lateral system was to combine 
the two stiffening girders into a wide compression-member to act 
as a thrust-girder to the suspension-cables, it was designed as lacing 
to a strut, and a lateral shear of 24 per cent. of the sum of the 
“maximum compressive force in the two girders, due to the cables, 
“was used in determining the sections of lateral members required, 
“and also in designing the lateral-reaction details. 

e 


eran 

_ As the bridge is an all-steel structure, equal changes in temperature 

of all the component parts produce no appreciable internal forces 

4 the structure. The cables, however, are subject to direct radia- 
tion, and allowance was made for a relative difference in temperature 
stween cables and stiffening girders of 20°F. The resulting 

moments in the girders were small, amounting to only 7 per cent. of 


DrsiGN OF PIERS. 


‘ It may be of interest to recall the types of pier-foundations 
adopted for various other bridges in London, and some of these are 


Waterloo bridge (1817) . - + + + Piles and raft. 
Old Southwark bridge (1819) . -. - a aff 
London bridge (1831). . - + + : es a 
Tower bridge (1894) . .- - + + = Caisson. 

Vauxhall bridge (1906) . - + + >; Timber cofferdam. 
New Southwark bridge (1921) . - - Caisson. 


” 


Lambeth bridge (1932) 


the days before caissons and steel sheet-piling were available. 


 ‘Timber-piles-and-raft construction was undesirable but necessary 


a 


ave 
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In the case of Chelsea bridge the choice lay between caissons an 
open cofferdams, as the depth of the river and the level of the 
London clay would permit of either being adopted. Caissons aie 
a dry bottom for founding, but the advantage of this can be over- 
rated and certainly cannot justify any appreciable extra expense for’ 
their adoption. 
In this case open steel-sheet-piled cofferdams were adopted an 
proved quite satisfactory. Boreholes indicated that the surface 
level of the London clay on the site of the piers ranged from — 16¢ 
to —220.D. The proposed future depth of river dredging on ‘his 
reach of the Thames is — 17-5 O.D., and it was decided to found thes 
piers in London clay at — 40-0 0.D. 
The piers were designed in mass concrete (Figs. 5, Plate 1) fac ad: 
with granite above low-water level, and having voids in the uppe. 
portions to reduce weight. The calculated maximum gross pressur 
on the foundations was 4} tons per square foot at — 40-00.D. Thes 
original pressure at this level was about 2 tons per square foot, so 
that the net additional pressure imposed on the foundations was 2 
tons per square foot. 


DESIGN OF ABUTMENTS. 


have no great loading to sustain, but they had to be on the same site 
as the old ones, which were founded on timber piles, and it was not! 


the new structure. It was therefore decided to cut away the 
of the old abutments as necessary, and to provide new granite-faced 
concrete abutment-walls (Figs. 6, Plate 1) with foundations taken 
down into the London clay at about — 19-0 0.D. These walls take 
the vertical anchorage-link loads and lateral end-reactions from he : 
deck-system. Behind the new abutment-walls the old anchorages 
are cut away to form the abutment-chambers, in which the anchorage- - 
ends of the stiffening girders are housed. The new granite-faced w 

walls are supported on concrete piles, which were more economic ’ 
in the circumstances than deep foundations, and slip-joints ar 
provided between them and the abutment-walls to mask any relative 
settlement that might occur. 


GENERAL ARTICULATION OF THE BRIDGE. 


‘The stiffening girders are in three sections, there being a hinge 
near each tower. These stiffening girders are suspended by han 


RECONSTRUCTION OF CHELSEA BRIDGE. 389 
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made fast to each end of the stiffening girders. Each tower is 
hinged at the base and is free to rock longitudinally, but is restrained 
transversely by side bearings, pin-hinged, on each side of the main 
tocker-bearing. 
The towers are forked towards the base to stand astride the stiff- 
ening girders, thus providing for longitudinal movement between 
tower and girder. Some fixation is necessary, however, as without it 
the deck-system could be moved longitudinally, the towers adjusting 
themselves to such movement by inclining from their hinged bases, 
and unless otherwise held the whole structure would collapse soon 
after the towers had left the vertical. The necessary holding is 
effected at one of the piers by attaching the stiffening girders, by pin- 
j jointed bearings, to the bases of the towers, so that relative movement 
is restricted to rocking, the girders being free to deflect. Additional 
vertical restraint or support is necessary to meet various conditions of 
loading, and each stiffening girder is further held by a link bearing 
at the other pier, and a link anchorage-bearing at each abutment. 
The bearings at piers and abutments prevent vertical movement of 
pe deck-system at these points, and as three of them are link 
bearings the stiffening girders are left free to expand or contract 
longitudinally. 
Lateral support to the deck-system 1s provided by side rubbing- 
plates on the tower-bases, in contact with short longitudinal wind- 
girders which span between the two cross girders nearest to the 
te Further lateral support is required at the flexible ends of 
the stiffening girders over each abutment, and this is provided by 
hrust-segments attached to each abutment and corresponding 
segments on the road-system. Movement is only restricted laterally. 
The general arrangement of the articulation-system is shown 
iagrammatically in Fig. 7, p. 390. The system of hinge-pins used 
sorresponds very closely to the normal methods adopted for spandrel- 
braced arches. The two permanent hinges close to the towers and 
the central temporary hinge simplify the erection. Under these 
‘conditions the system is statically determinate and the internal 
forces are computed from stress-diagrams. 
To increase the local rigidity in the central span under live- 
oad conditions, the stiffening girder above and below the hinge at 
the middle of the centre span was arranged so that at the conclusion 


of the erection of the structure and the placing of the surfacing of 


the carriageway and footpaths, joint-covers could be placed and the 
d thrust. With this 


joint riveted to take the live-load moment an 
s singly indeterminate. Unlike 
spension-bridge, however, those 


oint riveted the structure become 
Iculated without taking cable- 


in the self-anchored type can be ca 


the forces in the normal type of su 
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GENERAL ARRANGEMENT OF THE ARTICULATION-SYSTEM. 


deflexions into account. The vertical couple at any section 
dependent only upon the horizontal thrust in the stiffening girde 
and the vertical distance between stiffening girder and cable, a 

this vertical distance is independent of all structural deflexions. 
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Z Us oF Hicu-TENSILE STEEL. 


At the time of designing the bridge much progress was being 
‘made in developing high-tensile structural steels, and for the 
‘sake of economy it was decided to adopt high-tensile steel for 

the web and flange material of the deep stiffening girders. There 
‘was at that time no British Standard Specification to work to, and 
the subject had to be approached with caution, particularly in the 
“case of high-tensile rivets. By close collaboration with the makers, 
satisfactory plates and rivets were obtained. Further particulars, 
with a summary of the numerous tests made, are given in Appendix IT 
‘{p. 424). 

s SuspENSION-CABLES. 

Type of Cable. 

3 For the main suspension-system of suspension-bridges several 
_types of construction have been adopted in the past. Tn the structure 
f the original Chelsea bridge, and in the Menai bridge, wrought-iron 
yyebar-chains were used, and in several modern bridges heat-treated 
igh-tensile steel chains of the same general type are employed. 
‘The Deutz bridge at Cologne is of this construction. 

On grounds of economy and convenience of erection it was decided 
Brot to adopt this method of construction, but to use one of the types 
of wire-rope cable available. Four general types of wire-cable 
_ construction are in use. 

- In America, for long-span cable bridges, parallel-laid cables 
have been in general use for many years, the wire being spun in 
position from guide-wheels running on cat-walks and the cables 
"afterwards compressed to a circular outline and protected by a 
continuous wire wrapping laid on by specially-designed machines. 
The wire, which is generally No. 6 gauge of 0-192 inch diameter and 
100 tons per square inch minimum tensile strength, heavily galvanized, 
has been brought to a high standard of perfection from the experience 
sained in America on the many bridges constructed by this method. 
in a self-anchored structure with a comparatively short span this 
method of construction is practically very difficult and economically 
‘inadmissible. 

A tendency is now apparent, at least for main spans up to 2,000 
feet, for this method to be superseded by a construction using pre- 
stressed round strands bundled to a hexagonal outline, filled out 
vith timber or aluminium packings to a circular shape, and wrapped 
in the parallel-laid construction. The Isle of Orleans bridge, 
fully described by Mr. 8. R. Banks, Assoc. M. Inst. C.E.,1 is a fine 


‘ 


1 The Superstructure of the Island of Orleans Bridge, 
Journal Inst. C.E., vol. 3 (1935-36), p. 357 (October, 1936). 
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example of this type. Here again, every effort is mands o i 
standard heavily-galvanized No. 6 gauge wire in the make-up of the 
rope. The interior of the rope-strand in this construction is no 
generally filled with any protective medium, owing to the rather 
open construction of the strand, and reliance is placed on the wires 
wrapping and its coatings of paint to protect the cable agai 
corrosion. 
In a short-span bridge with heavy loadings, the hanger-rods mus' 
be closely spaced and the wrapping of the cable (the portions adjacent 
to the hanger clips and those inside the girder must be wrapped byy 
hand) becomes a matter of some difficulty. The method previou 
in general use for suspension-bridges of light construction erected 
the British Empire consisted of various arrangements of stranded 
ropes. Such ropes, however, are not very efficient, and have large: 
and uncertain permanent sets under load and a rather low modulus of! 
elasticity. 
For simplicity of erection and protection against corrosion, and in| 
view of the specialized experience of British wire-rope manufac- 
turers in the supply of locked-coil ropes, it was decided to adopt this : 
type of cable, which had been used in the Cologne—Miilheim bridg 
and the new Alexander IT bridge at Belgrade. 


Construction of Cable. 


The constructions of the cable and rope employed are shown on} 
Figs. 8, Plate 1. Each cable is made up of thirty-seven locked-coil 
ropes bundled to form a hexagon. The rope construction comp ise 
a Seale’s lay (line- -contact) core, one layer of radial wires and t 
layers of full-lock outer wires, and is specially designed to reais 
compression across the rope occurring at the towers and at tk 
turning-points in the anchorages. The working load on each rop 
is 35 tons. Protection against corrosion in individual ropes wa 
obtained by passing each rope at every stage in its manufactut 
through a molten bath of bituminous material having the re 
properties :— 


Melting-point (ball and ring test) . . 50°-60°C, 
Penetration (100 grams for 5 seconds at 
20 Cie va cs sue. v, b=] 20; 
Temperature required for % Use. . . . 210%120°C, 
Solubility in carbon tae: - « «| 99°8 per cent. 
Mineral matter. . - « . 0-4 per cent, 
Viscosity at 200° F. (93° . ) . . .  . Material too thick to f 
Viscosity at 300° F.(149°C.) . . . 220 Redwood secure rs 


Further, each wire is galvanized. It was necessary to ensv 
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(z 
fit between the component wires of the ropes in order to maintain a 
predetermined overall diameter so that the cable would fit the 
_ tower-caps, turning-point castings and hanger-clips. To this end 
_ the system known as “drawn” galvanizing was employed. After 
_ galvanizing, each wire was lightly drawn and the spelter thus brought 
down to a uniform thickness. After bundling, all joints in the outer 
surface of the cable were sealed with a plastic bitumen compound, 
_and thereafter the entire outer surface painted with a coat of 
_ * Bitulax” semi-liquid bitumen compound. The aim throughout 
has been to afford as complete protection as possible against corrosion 
__ of the cable. 
Le It may be noted that from comparisons with published results 
the elastic modulus of locked-wire constructions is not as high 
as that given by the type of round wire strand used in 
_ America. 
z The complete make-up of each rope is given in Table I, p. 394. 


-¥: 
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= of Ropes. 


3 The tendency to use single-strand ropes made up in hexagonal or 
eos shapes for the main cables of suspension-bridges, involving 
 socketing of ropes to predetermined lengths before erection, has 
_ made it more or less standard practice to measure the ropes under 
a load corresponding to the average dead-load stress to which they 
will be subjected in the structure. The design of the pre-stressing 
plant involves the consideration of problems connected with the 
methods of measurement of load and length, the effects of tempera- 
ture and friction, the effect of re-reeling on the non-elastic extension 
of the rope caused by the pre-stressing, and the handling of the 
opes in such a way as to avoid damage to them. 
In the case of the Cologne-Miilheim bridge the measurement of 
load was carried out by observations on pressure-gauges indicating 
the oil-pressure in the pulling-head cylinder. Frictional effects 
‘were eliminated by measuring the required rope-lengths while the 
tension in the rope was rising and again while it was falling, and by 
veraging the lengths thus obtained ; the assumption was made that 
‘the rising and falling frictions both in the pulling head and of the 
rope on the test-bed were equal. Owing to doubts whether the 
" gauges were sufficiently accurate for this work, and to the difficulty 
‘in checking the assumption of equal frictions in the pulling head, it 
was considered desirable in the case of Chelsea bridge to adopt some 


oa 


further check on the pre-stressing loads, and a bar-dynamometer 


_ and falling loads is also liable to some inaccuracy due to the hysteresis- 


‘was used. The method of averaging measurements under rising = 
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effect in the extension-curves of wire ropes taken under these 
_ conditions. 

- Temperature-effects in the pre-stressing plant used for the Chelsea 
bridge ropes were comparatively slight, as the whole of the plant 
was under cover and protected from direct solar radiation, instead 
_of being in the open air as was the case for the other bridges men- 
tioned. Two methods of measurement are in general available. 
_ The measuring device may be allowed to expand or contract under 
_ variations of temperature, in which case the main object is to mark 
_ only at times when the temperature of the measuring device and the 
“Tope being pre-stressed are the same. Alternatively, the standard 
_ may be fixed by pedestals set in the ground, and corrections made 
for the difference between the temperature of the rope and the 
standard temperature. In the case of the Cologne—Miilheim bridge 
_ the former method was followed, the measuring device being a rope 
_ of the same make-up as the rope being pre-stressed ; the temperature- 
effects were thus automatically eliminated. For the Island of 
Orleans bridge the latter method was followed, but to eliminate 
doubt as to the rope-temperature the time of marking was restricted 
to periods when there was little variation of temperature, and all 


~* 
= 
+ 


~ pre-stressing was carried out at night. 
_ For Chelsea bridge, preliminary temperature-experiments were 
_ made at the site of the pre-stressing track in Birmingham, and these 
showed that there was always a period of at least 2 hours during 
the afternoon when the air- and rope-temperatures were sufficiently 
close to make rope-marking by the first method feasible. Accord- 
ingly, a method was developed, similar in outline to that used for 
the Cologne-Miilheim bridge, but using a thin tape for the measuring 
device. The periods during which the rope-marking was possible 
were restricted in the same way as in the second method because the 
_ thin tape followed the air-temperature closely, but ample time was 
available for the marking operations, as the method lent itself to 
the use of simple and expeditious marking devices. 


Rope-Sockets. 

For end-attachment the ropes are provided with cast-steel sockets. 
It was specified that the sockets should be of sufficient strength to 
break the rope without damage to themselves and without appreciable 
pulling-out from the socket. 

~ ‘The dimensions of the basket and the general details of socketing 


“were submitted by the Sub-Contractor for wire rope. To prove 


e efficacy of his proposed design a test-piece of rope 12 feet long 
h a socket attached was tested to destruction, the slip of the rope — 


“evs 


_ stiffening girder. To facilitate manufacture by standardization the — 
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through the socket being carefully watched during the test. The 
first wire broke under a load of 182-7 tons when the actual slip — 
amounted to only about 0-30 inch. This was considered satisfactory, 

and the socket shown in Figs. 9, Plate 1, was adopted. ’ 

The inside of the socket was left rough from the casting process, 
only sufficient fettling being done to remove the adherent casting 
sand, and a clearance was given at the bottom of the socket around 
the rope in order that the air might get away during the pouring of 
the white-metal filling. After the socket was threaded on to the 
rope the component wires were broomed out and thoroughly cleaned 
with solvent to remove the bituminous filling-compound. The 
wires of the outer layer were hooked back and the socket drawn on 
to a position determined from the pre-stressing operations. To 
facilitate the vitally-important pouring operation, the Sub-Contrac- 
tors for the rope made arrangements whereby it was possible to 
pour the sockets of four ropes at the same time, and also to m ake 
necessary adjustments to the rope lengths immediately pre eding 
this operation. 

The sockets were pre-heated by blow-lamps, before pouring, to @ 
temperature sufficient to ensure complete absence of moisture, ar 1 
resin was placed in the broom as a flux. The white metal used was 
an alloy of 80 per cent. lead, 5 per cent. tin, and 15 per cent. antimony 
with a melting-point of 450° F. Pouring was carried out at tem 
peratures between 625° F. and 650° F. The whole operation was 
very carefully supervised. | 

To provide for small variations in length of individual ropes — 
under erection-conditions, and to facilitate bundling of the cables, 
the sockets were made adjustable for length. The rope end of each — 
socket was produced as a screwed skirt, to which was attached a— 
collar arranged to butt against the seating-castings on the anchorage 
end of the stiffening girder. - 

As the fanning of the ropes in elevation is not based on a single | 
centre, but on a series of centres, and also as the ropes fan out in 
plan, the rope-axes are at varying angles to the circular end of the — 


abutting faces of the socket-sleeves and the seating-castings were — 


a 


made spherical and the sockets lined in during erection. 


SrirFenina GIRDERS. 
General Design. ' 
The positions of the towers and anchorages for the bridge wer 
fixed approximately by the positions of the piers and anchora, 
the old structure. The proportions of centre span to side span thu 


a 
ao 
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_ obtained were nearly two to one. In a self-anchored suspension- 
bridge of these proportions, with a symmetrical stiffening girder 
of constant depth, the maximum compressive stresses in the top 
_ flange of the centre span are greater than those in the bottom 
flange. In order to use the flange material to the greatest advantage, 
_ the centre-span top flange is made larger in area than the bottom 
flange. The dead-load thrust-line passing through the three hinge- 
" pins, and parabolic in shape, is therefore eccentric to the gravity axis 
_ of the girder, thus producing moments under dead-load conditions. 
The degree of eccentricity is determined in such a way that the 
_ maximum compressive stresses due to combined live and dead loading 
in the top and bottom flanges are approximately equal. 

In the side spans with a symmetrical girder the compressive fibre- 
_ stress in the top flange due to live loading of the near-side span is 
_ approximately equal to the compressive fibre-stress in the bottom 
"flange of the same girder due to loading of the centre and far side 
"spans. A symmetrical side-span girder was therefore adopted, but, 
in order to balance the moment caused by the overhanging ends of 
the anchorage portion of the girder, the point at which the cable is 
- effectively anchored to the girder is lifted to such an extent as to 
Berovide, under average conditions, a balancing moment. The small 
~ changes in this moment due to varying cable-tension and anchorage- 
25 oading are easily provided for. 

The stiffening girders in a self-anchored suspension-bridge perform 
the dual function of stiffening the roadway, thus lessening local cable- 


distortion, and of carrying the horizontal component of the cable- 
tension. In this case the structure is so shaped that under dead-load 
nditions no moment occurs in the side spans and only a small 
upward moment in the centre span. The maximum upward and 
_downvard moments at various points in the girder under live and 
dead load as given in Fig. 10 (p. 398) are of interest. Fig. 11 (p. 398) 
gives the distribution of stresses across the depth of the stiffening 
girder at the mid-point of the centre span under various conditions 
of loading, and may be taken as typical. 

Each stiffening girder is made up of two plate-girders 8 feet 
10 inches deep over angles, diaphragmed and battened together, 


generally as shown on Figs. 12, Plate 2. 


‘ 


_ Anchorage-Ends. 
The general arrangement of the anchorage-ends of the girders is 
own in Figs. 13, Plate 2. To maintain the line of the top flange 


the stiffening girder for esthetic reasons it was necessary to — Ze 
rn the cable down at the ends. This turning-point corresponds to 


<_ 
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Negative moments 4 


MOMENT: TONS-FEET. 


Rana oe CENTRE SPAN. Pome oe SHORE” SPAN. =) ‘ 
Maxmmum MoMENTS IN STIFFENING GIRDER, j 


the cable-diversion bents frequently found at the abutments i 
normal-type suspension-bridges, and consists of a casting grooved 

take the ropes, and allowing for their fanning-out into the anchorag 
proper (Figs. 14, Plate 2). The shape, size and angle of the casti 
are determined from a link polygon drawn for the forces in the rope 
on each side of the casting. 


The turning-point casting proper is mounted on rollers to 
\ 


for the extension of the end section of the cable, which is about 24 f 
long. The rollers are supported by a casting riveted to the we 


positive bending moment 
c—Dead load with maximum 
negative bending moment 


wy’ 
y d—Dead load with all three 
spans live-loaded 
Bottom flange J | 
+ ° 


s a =10 
Tension Compression 
Stress: rt PER SQUARE INCH. 


SrreEss-DISTRIBUTION ACROSS THE STIFFENING GIRDER AT 
THE Mrp-Pornt or THE CrntRE SPAN. 


Fig. 11. 
Top flange ; 
y Conditions of loading : 
a—Dead load only 
b—Dead load with maximum 5 
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plates of the component girders, each of which is thickened by an 
outside 3-inch plate at this point to allow for the tensile stresses set 
up by the force from the turning-point casting (which amounts to 
650 tons per stiffening girder) and to stiffen the plates against 
buckling. 

_ The shape of the fan end is determined by the position of the top 
flange of the girder and by the space required for maintenance pur- 
“poses between and on both sides of the fanned ropes. 

f 
Stiffening-Girder Supports. 

In describing the general articulation of the bridge, reference has 
been made to the four bearings of the stiffening girders, one of these 
being fixed and the other three of hinged-link type to allow for move- 
“ments due to stress and temperature-variation. 

_ Each anchorage-link is pinned at the top between downward 
extensions of the anchorage side-plates suitably diaphragmed. At 
2 the bottom, it is pmned to a built-up structural-steel base connected 
_to the anchorage-concrete by eight 23-inch diameter bolts, each 27 
“feet long. The upper 8-foot lengths of these bolts were set in rain- 
water pipes, and were grouted-up after the bolts were tightened, 
in order to avoid as far as possible cracking the concrete near the 


meee: 

_ The links are in two halves jointed together at the centre by a 
bolted spliced connexion and with 4 inches of packings of various 
thicknesses between the butting faces. This provision is made so 
that, if the main tower-foundations should settle, suitable adjustment 
could be made in the anchorage-links without unpinning the links. 
- The composition of the design load for the anchorage-links was as 


follows :— 


Downwards. Upwards. 
Tons. Tons. 


 Gable-tension effect (dead Cable-tension effect (dead 


BVO) ots hs estes 108-0 +live) oneretnerel deSeLb2:6 
End shear from shore span Negative end shear from 
b 1 2 a la i ol shore span (live). . . +1285 
_. Roadway over abutment Local load acting as relief 
Reet(ive) “i. Ui. bob 39S (aeadyers oe. Oe aes 
~ Localloads(dead) . . +114:7 
178-5 166-4 


; The stiffening-girder supports at the towers take the vertical loads 
~ due to main-span and side-span shear (either of which may be upwards 
or downwards, according to the position of the live load assumed), 


and the local dead load not carried by adjacent hangers. The 
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following are the design loads, the live-load effects being computed 
by influence-line diagrams :— 


Downwards. Upwards. 
Tons. Tons, 
Live load, Se 229 Live load . : 163 
Local deadload . . . 76 Local dead relief, takceel as 50 
305 113 


The fixed bearing at each of the north towers is a built-up structural 
unit, and is shown in Figs. 15, Plate 2. Its lower face bears on the 
middle of the upper surface of the tower main bearing, and it is 
riveted on both sides to the tower-legs and bolted through the base. 
It is designed for the vertical loads given above, and for horizontal 
loads due to tower and anchorage-link inclination and longitudinal 
wind. 

The expansion-bearings at the Battersea towers consist in effect 
of the lower half of the fixed-bearing structural detail connected by a 
double-pinned cast-steel link to the stiffening-girder web-plate 
pro] jection. As in the case of the fixed bearing, the hinged connexion 
is necessary to provide for the upward reactions. Details of this 
bearing are also shown in Figs. 15, Plate 2. 


Stiffening-Girder Hinges. 


The three stiffening-girder hinges require to operate under two 
widely-differing conditions. During erection there is no t 
through the stiffening girders, and the hinges, particularly those near 
the towers, are subject to shear in a vertical direction. Altho 


the centre support is arranged to bear evenly on both sides, the | 


centre hinge is designed to take the full erection shear from one- 
half of the main span, to allow for possible uneven settlement of 
the piled temporary support or for partial failure of one-half of the 
mid-span erection jacking-system. All pins in these hinges are 
approximately 13 inches in diameter. 

At the hinges adjacent to the towers, the sections of sifeni 


girder on both sides were pinned together in the works. It was — 


thus possible to allow projections beyond the machined faces of the 
adjacent portions of the stiffening girders at the hinge. The detail 
therefore consists of half-pin bearing surfaces made up of the main 
webs and pin-plates totalling 9} inches width per stiffening girder, 
and four fully-holed plates, two of which are connected to the outsid 
of the girders and riveted to the main span girders, and the other tw 
connected to the inside of the girders riveted to the tower- 
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‘€- 
section of the side-span girders. Under erection conditions, the 
tendency of the pins to be forced out of their half-holes is resisted by 
a nearly horizontal component taken by the fully-holed plates. 
_ The hinge-connexion at the middle of the main span, which is 
arranged to one side of the mid-span hanger-connexion in order 
to simplify the detailing, had to be made at site. To avoid 
danger of fouling during flotation of the third section of stiffening 
girder past the second section already erected, it was desirable to 
maintain a flush face to the abutting stiffening-girder ends in both 
sections. The horizontal component to maintain the pin in its 
half-seatings is therefore taken by a ring linking together two crescent- 
shaped forgings riveted on the outside of each component girder. 
To ensure that these forgings should be loaded horizontally, and 
hhence to reduce their size, the forgings were first machined to suit 
the connecting ring and then the bearing surfaces ground away 
except for a width of 4 inches on the horizontal axis. Details of the 
centre hinge are given on Figs. 12, Plate 2. 
To facilitate the insertion of the pins, each pin is chamfered at the 
entering end and the pin and hole diameter is made 3s inch smaller 
r the inner component girder than for the outer component girder, 
the pins being inserted from the footway side in each case. 
= The hinge-pins at the tower hinges are kept in place by angles 
pessing across the flush-machined outer faces and bolted to the main- 
ppan stiffening-girder end. Those at the centre hinge are kept in 
‘place by a bolt passing through a hole bored right through the pin 
nd connecting together two circular locating plates bearing on the 
ings connecting together the two sections of main-span stiffening- 
Jer. These bolts were made 12 inches longer than their final 
ize to provide a ready means of drawing the pins into position at site, 
the projecting ends afterwards being cut off. 


cA 


TOWERS. 


The absence of portal-bracing is perhaps the most unusual 
feature of the structure (Figs. 16, Plate 2). The lateral stability 
the towers depends therefore on the fixing of the tower-bases 
the piers. Whilst for normal wind-pressure and eccentricity 
loading it was found to be feasible to rely on the rigidity of the 
in tower-bases, it was considered desirable to provide for such a 
tingency as an aeroplane crashing into the towers by the use 
side-support bases capable of taking tension. 

The general make-up of the towers consists, near the base, of two 


ted-box columns passing on each 


side of the stiffening girder, see 


_ side-bearing castings were wedged apart during erection to the 


_ longitudinal expansion had also to be considered in conjunction 
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the flanges of which are cut back on both sides to suit. Above the 
top of the stiffening girder, the two box-columns are joined togethe 
by three plates, two on the outside face and one across the centre 
The tower tapers 43 inches on each face from a point 6 feet above 
roadway-level to the underside of the tower-cap casting. For 
architectural reasons the joint-covers on the sections of the towers 
above road-level are placed inside the tower, and the outer plates: 
therefore appear flush, except near the base where a plinth plate: isi 
used to give a finish, and at the corners where the plates are cut be ck 
from the heel of the corner angles to give a neat corner and vertical 
lines to the towers. 
The two component box columns rest at the bottom on the maing 
tower-bearings and are joined together at their bases. The towers: 
are of the rocker type, and the bearing surfaces of the main tower-' 
bearings meet in line contact, the pressure-concentration beings 
backed up in both upper and lower bearings by a mass of metal. 
Projecting up and down stream, side-support structural bases a1 
built out resting on side-support bearings spaced at 18 feet betweer 
centres. The side-support bearings consist of upper and lowe 


hinged together by 6-inch diameter pins. To resist upward thrust, 
the upper casting is riveted to plates which project downwards from 
the main structural-steel section and the lower casting is anchored 
into the pier by bolts. 
The centre-line of the side-support bearing-pins coincides with) 
the line contact of the main bearings when the tower is vertical ; 
small forces of no importance arise when the tower is pulled backs 
during erection and under live-load movements. 
As it was impracticable to arrange the projecting side bases fully to ' 
stiffen the tower-legs, owing to the necessity for clearing the undersidi 
of the roadway and footways, there is a section of the tower 
laterally unsupported. The loading of the main tower-bases by dead 
and live loads tends to produce secondary moments in these unsup- - 
ported sections. To eliminate this as far as possible, each set of the 


limits of the clearances of the pins in the holes. 


EXPANSION-J OINTS. 


In order to provide a clean finish at the abutments, the expansion- 
joints are of a rather complicated layout (Fig. 17). Provision for | 


the effect of the side-span vertical deflexion on the overhanging 
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of the stiffening-girder anchorage, which is carried on about 24 feet 
beyond the anchorage-link. 

_ The end section of the carriageway between the last cross girder 
-and the abutment-wall is carried on rocking plates at both ends, 
allowing a slight variation in the relative levels at the two ends of the 
section. Above the joint at the last cross girder the roadway- 
“supporting steel is broken and a 34-inch bitumen joint provided 
throughout the roadway and curb concrete at the granite curbs. 


fe The abutment-walls form a large chamber in which the anchorage- 
ends of the stiffening girders are housed, and the walls project 
upwards on the return faces to form the parapets of the footways. 


Tt was desirable that the footways over the abutments should be 


Ny 


Fig. 17. 


APPROACH. 
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joint 
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This section of carriageway hinged J 


fixed, not to the bridge but to the abutments, and the lateral 
_ expansion-joint for the footways is therefore over the river-wall of 
the abutment. No special provision was necessary at this joint for 
~ vertical movement, as the joint nearly coincides in position with the 
anchorage-link. The carriageway and footway expansion-joints 
.d therefore to be connected by a longitudinal joint. On the foot- 
yay this runs under the edge of the screen-plate and is hidden. It 
is then returned across the end of the stiffening girder by a finger-type 
cast-iron joint to allow for the longitudinal expansion and the small 

ertical movement at that point. The connexion is completed by a 
inch-wide joint between the curb vertical plate of the roadway and 
e ballast-angle of the footpath. The joint is extended along the 


. 


‘si n-joint in the carriageway over the last cross girder. 


lower edge of the stiffening-girder sloping plate to the lateral expan- .— 


aw _ 
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Lateral expansion-joints in the roadway-surface consist of f 
chequered plates, and the greatest exposed width of steel is about t 
2 feet. 
The Post Office cables are provided with 8-foot-diameter expansion: - 
loops under the footway bounded by the abutment-walls, and a steel 


platform is arranged to give support and to provide easy access. 


FiLoor-SystemM. 
Lateral Bracing. 


The lateral system consists of K-type bracing attached to the 
underside of the cross girders, each bay of bracing normally spanning § 
two panels of the floor-system as shown on the key diagram ini 
Figs. 18, Plate 3. g 

To accommodate the contraction of the stiffening girder under ' 
load, expansion-castings of 35/40-ton steel are introduced at the points 
marked X on the key diagram. Details of these castings and their ' 
connexions are given on Figs. 18, Plate 3. At the point marked M » 
on the key diagram, where the abutment expansion-joints are | 
situated, the arrangement is such as to allow movement in both | 
vertical and longitudinal planes but to resist any tendency to move in . 
a lateral plane. A hinge-casting is bolted to the underside of th 
cross girder and is connected to a yoke-casting by means of a 4-inch- - 
diameter pin. The yoke-casting is furnished at its lower ends witl 
64-inch diameter bearing bosses fitting into suitably-holed plates, 
the latter being free to slide vertically in the abutment reaction- 
detail. This arrangement is shown in Figs. 19, Plate 3. . fT 
Carriageway. } 

The carriageway-width is 40 feet between curbs. In the new 
structure, the curbs run in straight lines throughout the bridge, but, — 
as the towers must of necessity pass on both sides of the stiffening - 
girders, there is a dead space of approximately 2 feet between the — 
outer edge of the curb and the stiffening girder (Figs. 20, Plate 3). 
This space is covered by a 34-inch sloping plate, and advantage is 
taken to provide triangular brackets between the upper edge of the 
cross girders and the side of the stiffening girder to increase 1 
stifiness of the structure against unequal deflexion of the - 
stiffening girders. The space under the sloping plate also serve 
provide easy access to the carriageway-face of the stiffening 
for the purpose of painting. 

The buckle-plates are covered with } inch of asphalt laid in tw 
g-inch coats with stepped joints, the surface of the buckle-plate 
dah: 
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being first cleaned and coated with a bituminous paint. Above the 
asphalt there is a layer of plain concrete 5 inches deep laid in sections 
with longitudinal and transverse construction-joints. The curb 
backing concrete is monolithic with the carriageway concrete. The 
toad-surfacing consists of 44-inch open-jointed wood blocks (‘‘ Fir- 
tmosec ” system) laid on the concrete. The curb is laid with 12-inch 
by 8-inch granite blocks backed up by concrete, and the surface of 
this concrete between the back of the granite and the lower edge of 
the sloping plate is finished off to a smooth curve with mastic asphalt. 
_ When the deck was erected, the stiffening girders were not under 
‘thrust, and provision was made in the carriageway floor-system as in 
the lateral system to allow for the stiffening-girder contraction under 
load. At approximately 94-foot centres, the carriageway steel was 
broken through to provide a slip joint, and the concrete jointed above 
this break with a }-inch bitumen-filled joint running between vertical 
‘curb-plates. The wood-block surface, however, was not jointed. 


‘Pootways. 
aa 
The footways are cantilevered outside the stiffening girders 

(Figs. 21, Plate 3). The handrail runs straight throughout the 
“bridge, and the normal width of the footway is 14 feet. It narrows 
to 13 feet where the stiffening girders widen out to receive the cables, 
‘and to 12 feet at the towers. 
The outside face of the stiffening girder is screened from the footway 
by }-inch plates bolted to the girder along their top edges, clamped 
yy 7-inch by $-inch plates along the vertical edges to brackets 
titached to the stiffening girder and flanged along the bottom edges 
‘to a4-inch clearance above the footway-edge fillet. This arrangement 
“was adopted to facilitate removal for painting the stiffening girder. 
“The clamping plates are vertical to correspond with the hanger-rods 
ind the balustrade, but the screen-plates are cut square and are 
tandard throughout, except at expansion-details. 

To allow for the stiffening-girder contraction under load mentioned 
connexion with the carriageways, the footway is broken on adouble 

tilever at the towers, and the inner line of stringers is not bolted 
own to the cantilevers but is free to slide over them in clips holding 
wn the toes of the joists. With this in view, also, the footway- 
‘gers at the middle of the centre span were not connected until 
‘after the deck load had been transferred to the cables. 
The footway-paving consists of mastic asphalt 1} inch deep laid 
a bed of 1-to-6 concrete, which fills the steel troughing and which 
s finished off at a height of 1 inch above the top of the troughing. 
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Drainage. 
Surface-water from the carriageway is collected by sixteen gullies 
1 foot 6 inches by 1 foot 3 inches by 2 feet 4 inches deep, of galvanize 
welded steel, placed at the main-span quarter-points, at the towers 
at the middle of the side spans, and at the abutments. These gullies: 
are connected by 4-inch outlets to 6-inch diameter cast-iron flangedt 
pipes which run through reinforced holes in the cross girders, anc 
ultimately discharge into rainwater-heads within the abutment-; 
chambers. 7 
To provide for drainage the footway has an outward fall of 2 
inches in its width, and the upper edge of each cantilever is sloped 1 
this fall in order to maintain the minimum depth of footway conc 
so as to keep the weight down. The water is collected by a surf 
channel, 4 inches by 1} inch, formed in the asphalt paving a1 
underlying concrete, and running along close to the balustrade. 
This channel is drained by small gullies which are connected to a 
4-inch diameter cast-iron pipe, supported on the footway cantilevet 


ments. 
- Flexible joints are provided in the drainage-pipes where articula 
tions occur in the floor-system, and also at each gully branch. 


DEMOLITION OF THE OLD BRIDGE. 


demolition commenced. The same temporary bridge had alre 

been used during the reconstruction of Lambeth bridge, and is again 

serving a similar purpose at Wandsworth. = I 
The first stage in demolishing the old bridge was the removal of the 


up off the centre chain cable, where it was dismantled. The se 
chain cable was then wedged up and dismantled on the lowe 
third) chain cable. Finally, for the demolition of the third ¢ 
cable its weight was taken on the deck of the temporary walk 
this being effected by tightening up the walkway suspension-cabl 
The towers and anchorages, so far as necessary, were removed an¢ 
the two piers demolished within steel sheet-piled cofferdams. 
Generally, the cast iron, masonry and suspension-chains 
found to be in good condition, but the wrought-iron carriag 
and similar parts had had heavy renewals. — 
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ea The old bridge 1 had fixed towers, with the chains attached to 
saddles on roller bearings; a similar arrangement was provided 
where the chains deflected towards the deep anchorages. None of 
these bearings showed signs of having functioned for years. 

_ The construction of the piers on timber-pile foundations is of 
interest. They were entirely encased in cast iron, the lower portion 
by means of hollow piles, 8 feet apart, driven into the river-bed and 
interconnected by driven plates 1 inch thick, the joints being formed 
by interlocking grooves. The upper portion of the casing was in 
column-and-plate construction of similar section, and finished with a 
‘moulded cast-iron coping. The area within the casing had been 
excavated to hard ground and filled in with concrete to the top of 
the timber bearing-piles. On this concrete was laid a flooring of 
‘stone landings which carried the bases of the towers. The upper 
portion of the piers was of cellular construction, with a brick lining 
to the iron casing, and brick diaphragm-walls. 


CoNnSTRUCTION OF Piers oF NEw BrinDGE. 


_ The sheet-piling used for the new cofferdams was Messrs. Dorman, 
Long's Krupp K III. section, the piles being welded together in pairs 
‘and driven from temporary timber stages. The piles were 69 feet 
Jong, each pair weighing 2°65 tons. McKiernan-Terry automatic 
hammers, of type No. 9B2, were used for the first 15 feet or so 
‘of driving, and 3-ton drop hammers for the remainder. Fig. 22 
(p. 408) gives a typical record of the driving-resistance met with 
‘in the north pier cofferdam. 
- The Contractors adopted removable steel strutting for the top three 
rames, and reinforced concrete for the bottom two, the latter being 
uilt into the permanent foundation. This method proved satis- 
actory, and, it is believed, proved an economy to the Contractors. 
In spite of the constantly-changing tidal river-levels, leakage was 
‘not excessive and could be substantially reduced by dropping ashes 
rom the staging on the river side of the piles. Two sumps were 
ik in each cofferdam, and the water-level was kept down by 
noderate pumping. 
When bottom was reached, a drain of small agricultural tiles was 
aid around the inside of the piling below formation-level, and con- 
ted to the sumps. This was concreted over and afterwards 
uted-up under a gravity head, through vertical pipes carried up 
for the purpose above foundation-level. 


4 Particulars of the old bridge are given by G. G. Page, “‘ On the Construction 
£ ‘Chelsea Bridge.” Transactions of the Society of Engineers, 1863, p. 77. _ 
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When the last spit of clay was being removed in certain secti 
and the first concrete placed, heavy rain occurred, but an examination 
of the set concrete showed the founding to be perfectly satisfactory 
and this was later proved by the behaviour of the loaded pier. 
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Observations on Rise of Clay in Cofferdams. 
During the excavation for the foundation of the north pier, som 
experiments were made by the Resident Engineer in order to disco 


Fig. 22. 
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whether there was any tendency for the clay to rise inside the coffer- - 
dam as the excavation proceeded. 

When a depth of several feet of clay had still to be excavated, t 
test-pipes were driven to below the bottom level of the foundati 
one at each end of the cofferdam. These pipes (Fig. 23) 
constructed as follows. A conical driving shoe, about 24 inches 
diameter at its base, was fixed to the end of a length of 1}-inch 
pipe. A 2-inch pipe, slightly longer than the 1}-inch pipe, 
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lipped over it, like a sleeve, the lower end of the 2-inch pipe resting 
on the shoe. The twin pipes were driven into the clay to near the 
desired level. The 14-inch pipe was then driven about 3 inches 
further so as to free it from contact with the 2-inch pipe. The 
smaller pipe would thus be free to record any upward movement of 
the clay at its foot, without being affected by the clay above that 
level. Foundation-level was at — 40-0 O.D. The level of the shoe 
of the pipe at the west end was — 40-2 O.D., and that at the east 
end — 40-8 O.D. 
The depth of clay still to be excavated when the pipes were driven 
was 8 feet at the west end, and 5} feet at the east. Observations 
_ were taken over a period of 24 days, while the excavation was being 


E WN 


Fig. 23. 
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¢ ompleted and the bottom frame of the cofferdam constructed, but 
practically no movement of the pipes was noted till the excavation 
was within 1 foot of its final depth. 

“At the west end a rise of } inch was noted at 8 a.m. during the 
excavation of the last foot ; on completion 4 hours later, the pipe had 
ri ni} inch, and it was then removed. The weather was fair, but 
rain had fallen the previous day. 

At the east end a similar rise of 4 inch was recorded at 8 a.m. before os 
excavation of the last foot was commenced. The excavation was = 
ved between 10 a.m. and 2.30 p.m. At noon the rise was finch, = 
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and this had increased to 7 inch by 5 p.m., when the pipe was 
removed. Rain had set in during the afternoon. 

Further experiments were made by driving 10-inch spikes into the - 
clay close to a step in the last foot to be excavated. Upward move- 
ments of from 7% inch to 3s inch were recorded in a few hours, 
The time available for making observations after the clay was fully 
excavated was very limited, as, immediately a section of foundation — 
was bottomed, a layer of concrete was put in. The steel piling of the - 
cofferdam extended to about 10 feet below the limit of excavation. 

From the fact that the only upward movements recorded occurre¢ | 
after the removal of all but the last foot of clay, these movements _ 
would appear to be due to expansion of the surface-layer (probably _ 
owing to absorption of moisture) and not to any plastic flow in the 
mass of clay. Any movement due to increased deflexion of the _ 
sheet-piles during the excavation of the last foot would be negligible, _ 
and probably non-existent at the axis of the foundation, about 
13 feet from the nearest piles, where the pipes were situated. 


Deflexion of Steel Sheet-Piling. 


Over a period of 5 days, during the time that preparation for the — 
concreting of the fourth frame was in progress, records were taken — 
of variations in the deflexion of the steel sheet-piling at a point — 
8 feet below the centre of the third frame. } 

The third frame was at — 17-0 O.D., the clay was excavated to _ 
— 28:5 0.D., and the point of observation was at — 25-0 0.D. The 
measurements were taken across the cofferdam between the faces of _ 
the piling, so that the differences recorded were the combined move- 
ments of the two sides. The tidal differences varied from ze inch 
to } inch, and a progressive inward creep was recorded, due to yield 
in the clay, amounting, at the end of the 5-day period, to } inch total 
or } inch on each side. 


Settlement of Piers. 


Observations were made on the settlement of the piers both during 
construction and after the bridge had been opened for traffic, For 
this purpose, vertical pipes 1} inch in diameter were carried up from 
the bottom of the foundations, one at each end of each pier. The 
pipes had 6-inch disks screwed to their lower ends to provide a base. 
They were placed in position when the first layer of concrete, 1 foot 
thick, had been laid in the bottom of the foundation, and their upper __ 
ends, on which levels were taken from time to time, were just below 
the top of the cofferdam. The pipes were built in as the work 
progressed, and when the piers were nearing completion the point 

bi 
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;. observation were transferred to the tower anchor-bolts, and also 
_ later to the granite bedstones when these had been fine-dressed. 
During the construction of the piers the north pier settled about 
_ t inch and the south 3 inch. 

ey An examination of recorded settlements of other London bridges 
_ indicated a probable final settlement of about 1 inch per ton of net 
_ pressure per square foot on the clay foundation, and this figure was 
taken as a guide when deciding what allowance should be made for 
3 further settlement. The tower-bedstones were therefore set 1 inch 
_ high, the dead-load increment still to be added at this stage being 
~ slightly less than 1 ton per square foot. When the bridge was 
complete and ready for traffic the bedstones were practically at design 
level, but during the following month a further movement of about 
Linch took place. This increase was probably due more to delayed 
effect of the dead load than to live-load increment, which was small. 
“The total settlement was thus 1} inch for the north pier and 13 
inch for the south, and no further movement has been observed. 
The records of settlement of the north pier during construction are 
~ given in Fig. 24 (p. 412). 

In settling, both piers developed a slight tilt upstream. The 
- figures given above are for the west tower-base in each case, the total 
settlement of the east tower being } inch less for the south pier and 


_ 1; inch less for the north. 
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: Temperatures of Concrete during Setting and Hardening. 


Records of the internal temperatures of the concrete during the 
period of setting and hardening were taken at certain points in the 
- piers. For this purpose the 14-inch diameter pipes which had been 
built in for observing the settlement of the piers were found to be 
very convenient. Each pipe was filled with grout to the level at 
_ which temperature-readings were to be taken; when the grout had 
set, water was poured in for a depth of about 2 feet and the top of the 
pipe closed with a cap. Records were taken from time to time by 
lowering into the water a thermometer carried in an open-topped thin 
metal tube. This was withdrawn with the thermometer immersed, 
so that temperature-drop during the few seconds required for reading 


_was reduced to a minimum. 
"The temperatures taken for the north pier are graphically shown on 


Figs. 25 (p. 413), and include one series taken about 6 inches from the 
surface of the pier. The daily range of atmospheric temperature is 
~ also shown, but the temperature inside the cofferdam was maintained 
by artificial means at a minimum of 35° F. during the construction of 


the pier. Ordinary Portland cement was used. 
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CONSTRUCTION OF ABUTMENTS, 


The construction of the abutment river-walls was carried out 
within steel sheet-piled dams, the front row being driven just in 
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front of the old river-walls, and cut-offs being formed by shaped 
timber piles and clay filling to enclose the area while the river-walls 
were being cut through and the side and back rows completed. Old 
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assembled in skeleton form in the workshop ; from this assembly, — 
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masonry was in part demolished by hydraulic cartridges, but t iis 
method was found to give blocks too large for convenient handling, , 
and most of the demolition was done with the aid of pneumatic : 

icks. 
: Pre-mixed concrete was successfully used in the Chelsea abutment 
as well as in other parts of the work, the concrete materials being 
transported dry in portable mixers from the suppliers’ yard, and 
mixing commenced on, or just before, arrival at the site. 


FABRICATION OF STEELWORK. 


Simultaneously with the demolition of the old bridge and con { 
struction of the new piers and abutments, fabrication of the steelwor c 
was proceeding. | 

One of the main considerations affecting the method of fabrication 
of the stiffening girders was the requirement that the joints should be | 
good butts. Owing te the depth and width of the joints, the weight 
of the completed sections of girder, and the type of staggered joint 
adopted, it was not possible to drill all the holes or to machine the — 
joints to gauge from the holes. Further, the length of continuously-— 
butting girder was such that small errors in jig-lengths would tend _ 
to accumulate and cause significant errors in overall lengths. 
method was developed by the makers in which the various component — 
sections, each section machined to a gauge, were fitted in con- 
tinuous lengths and then solid-drilled. ; 

After final assembly and riveting, the various component sections — 
did not necessarily lie in one plane at the joint, but each component 
was a good butt with the corresponding component of the ne xt 
section. The discrepancy from the flush butt, however, was mini- 
mized to such an extent by jig-drilling the pilot-holes for solid 
drilling and the tack-holes for assembly that riveting could be! | 
carried out satisfactorily without disturbing the butts. | 


In the case of the tower-bases, vertical plates and diaphragms were 
butt-joints were proved and holes prepared for pilot-drilling. It 
was then dismantled, taken outside, and completely re-erected in 
full sections, and drilling and riveting were done while in this position — 
in order to obviate any winding or twisting of the towers. : 

For the upper sections, the plates for one side were comple ely 
laid out to make the butts and prove the full height of the tower, — 
the Plates having first been planed from a master plate of each — 
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“made to permit of dressing the other ends of the angles to the plates. 
Divisional units of the base sections were then built up. 

_ The assembly now being a complete section and proved for square- 
“ness, the remaining sections followed the same procedure. The 
plate covers were then attached and drilled in position, and the 
“necessary holes were drilled and plugged to ensure that no movement 
would take place in subsequent handling. The sections were dis- 
“mantled and drilled for shop rivets. All members were then 
_Te-assembled in complete sections, and diaphragms and angle joint- 
"covers were fixed and drilled in position after all joints were proved 
to be tight. While in the completely-assembled position, all riveting 
was done, and the towers were checked both before and after riveting 
to prove that no winding or twisting had taken place. 


ERECTION OF STEELWORK. 
General Scheme. 


- In a suspension-bridge of normal type the erection of the super- 
structure begins with the towers and the cables, as the horizontal 
tension in the cables is taken by the anchorages. In a suspension- 
"bridge of the self-anchored type, however, it is necessary to complete 
the stiffening girder before cable-erection is commenced in order to 
provide the necessary horizontal-reaction points for the cable- 
tension, and sufficient temporary supports are therefore required 
to make the stiffening girders self-supporting until such time as 
their weight can be transferred to the cables. In the case of Chelsea 
bridge, the side spans, carried on the abutment anchorage-links and 
on the stiffening-girder bearings at the towers, were of sufficient 
strength to carry their own weight and that of the carriageway and 
footway floor-systems without any other temporary supports. The 
centre span, on the other hand, had to be supported in order to 
carry the dead load during erection, and, taking into account the 
“navigation-requirements, the simplest and best temporary support 
was at mid-span. 
Any normal method of erection (staging, cantilevering, or 
- flotation) can be adopted for the stiffening girders of a structure of 
this type, but in the present instance the controlling factor was the 
necessity for interfering as little as possible with navigation. For 
this reason, staging would have been unsatisfactory, particularly 
- for the centre span, and as cantilevering would have involved the 
provision of a large amount of erection-plant, a method of flotation 
“was developed to meet the particular requirements. 
A further feature affecting the method of erection was that the 
tiffening girders in the three spans were, in the final condition, con- 
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he a ft 
nected together by steel hinges. The various sections of the stiffening | 
girders had therefore to be carefully adjusted for line and level after 
being placed in position. This requirement necessitated the provision . 
of temporary supports, carrying universal bearings on which the 
floats could be landed, and the provision of means of adjusting the 
level of the floats on the bearings by jacks. Also, in order to give 
sufficient clearance between the section already in position and the - 
next section as it was floated in, making-up pieces were used to 
close the gap after the floats were placed in position. | 


Erection-Bay. 


The erection-bay was situated between the Battersea pier and the 
Battersea abutment. The flotation-plant consisted of four barges — 
in two groups of two, connected in pairs side by side. The barges 
in the flotation condition supported a framework consisting of two 
main trusses 120 feet long overall and at 50-foot-6-inch centres, 
arranged to support the stiffening girders directly. Under assembling _ 
and riveting conditions the framework rested on six bearings, two at | 
each end and two in the middle, the trusses thus being continuous — 
over three supports. The two main trusses were connected together _ 
by eight cross frames. The framework was arranged in such a way _ 
as to allow the cross girders to be supported separately from the 
stiffening girders in the early stages of assembly. The latera 
bracing between the trusses was arranged in portal fashion, with two 
clear spaces over the barge-openings to allow for material being 
unloaded from barges directly under the flotation-trusses. Canti- 
lever projections of the cross frames on both sides of the main trusses 
supported the outside stringers of the working platform, 18 feet 
wide, which extended beneath each stiffening girder at a convenient 
level for assembling and riveting the deck-structure. Each section k 
of deck as assembled for flotation was 164 feet long overall, and thus } 
projected 22 feet beyond each end of the flotation-framework, and _ 
staging supported on timber piling was arranged to carry these pro- | 
jecting portions until the whole deck-section was riveted-up. | 


| 
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The end stagings carried working platforms similar to those on the 
flotation-framework. 

Each of the flotation-truss bearings consisted of a machined spigot 
bearing resting in a cup-shaped casting with a webbed rectan gular 
base. This type of bearing was adopted to facilitate landing the 
framework back on its supports after the completion of a flotation, _ 
_ Packings of 12-inch by 12-inch timber bolted to the top flange of 
the erection-trusses and to the two end stagings were set to a heig 
corresponding in each instance approximately to the level in the 
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sompleted structure of the section of deck under assembly. The 
precise levels of the camber-packings were made up with steel plates, 
‘and were checked frequently during assembly to ensure that neither 
deflexion of the flotation-framework nor sinkage of the pile supports 


affected the built camber of the stiffening girders. 


Bs 


4s 
Flotation of Sections. 


ie To reduce as far as possible the size of the flotation-plant, 
the least amount of steel to give the necessary rigidity was floated 
out into position. The deck structure, as floated out, comprised 
‘therefore the stiffening girders (with both components of each girder 
‘in position and riveted), and the carriageway cross girders and bottom 


a 


Jaterals, together with the carriageway stringers, which although not 
‘necessary for rigidity were erected at this stage for progress reasons. 
‘The average weight of each float, exclusive of the temporary staging, 
was about 420 tons. 

The deck structure was conveniently divided for flotation-purposes 
Gnto four sections of approximately equal length, namely, the two 
ide spans and the two halves of the centre span. To meet 
equirements of navigation, the erection-berth was placed as stated 
above in. the space between the Battersea pier and the Battersea 
abutment. The Chelsea side span, the north half of the centre span 
nd the south half of the centre span were assembled and floated 
nto position in that order, and the Battersea side span was erected 
in position on the same flotation-staging. 

The only unusual feature of the flotation was that the float was 
warped out of the erection-bay on the rising tide in the direction of 
e current, as the working space on the downstream side of the 
idge was limited by the proximity of the Victoria railway-bridge. 
his procedure required extra care in the handling of the float, but 
the operations were carried out without any untoward incident. 
On each occasion a trial flotation was carried out to the extent of 
ifting the steelwork off its bearings, and the float was trimmed with 
kentledge (using permanent steelwork not yet erected), the steelwork 
then being lowered back on to the erection-supports. Previous to 
this, the shore end of the erection-bay had been dredged to give the 
required depth of channel. On the day of the flotation (chosen 
uring the spring tides, to give the required rise) the barges were 
warped in on the lowest practicable state of the tide and the steelwork 
lowed to lift off its supports on the rising tide. When the float 
was clear of its bearings, two tugs, coming into position through the 
trestles of the temporary bridge, took hold at the downstream end, 


‘and two more at the upstream end. The float was warped out ~ 7 E 
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parallel with the shore, lateral control being given by the bump: ing- ' 
fenders and control against yawing by the tugs. The average speec 

of this operation was 8 to 10 feet per minute. When the float was: 
clear of the erection-bay, the warping lines, which had been keptt 
just taut up to this stage to assist in control, were cast off, and the 
tugs took full control. The float was then hauled across the river! 
into a position opposite the span for which it was intended. Warping? 
lines were again attached and the float pulled as nearly as possible } 
to its correct position. The float was then held by its warping lines } 
until it was possible to bring the hydraulic jacks to bear on the: 
temporary universal bearings. In spite of the motion of the float, , 
no difficulty was experienced in bringing the float to bear without 
hammering on the bearings. The full dead load of the float was then . 
gradually transferred to the bearings by the falling of the tide. The - 
erection-packings, 1 to 3 feet in height, were then quickly removed — 
and the barges drawn out by the tugs. The barges were anchored in — 
the stream until the next tide, when they replaced the flotation Ps 
staging in the erection-bay and the assembly of the next float was 
proceeded with. The float just placed in position was adjusted to | 
line and level, and the subsequent stages of assembly of buckle- 
plates, screen-plates, portions of stiffening girder connecting t 
adjacent sections, footways, etc., were carried out. 


Closing Sections. 


After the landing of two adjacent floats and adjustment for line 
and level, the connecting pieces between the floats were assembled ir 
position. Between the side spans and the adjacent halves of the — 
centre span, this making-up piece consisted of a section of stiffening 
girder 24 feet long and included the tower-hinge pins and the pro: 
jections connecting to the stiffening-girder bearings at the towers, 
the section being made temporarily rigid by packings between the 


the connecting sections between the ends of the side-span floats 
and the anchorage-ends were assembled and riveted and the 
anchorage-ends themselves sufficiently completed to be self- 
supporting. The weight of the structure was then transferred to t e 
permanent bearings at the abutments and at the towers, the mid- 
Tiver support in the centre span, however, remaining in operation. — 
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Erection of Towers. 

i. The main tower-bearings were erected in advance of the completion 
of the adjacent sections of the deck-structure, in order that the 
Stiffening-girder supports at the towers, which rest on the main 
bearings, might be ready as required when the weight of the deck- 
‘structure was to be transferred to the permanent bearings ; the tower 
‘side bearings were erected at the same time as the main bearings 
to facilitate setting all the bearings for one tower as one unit. 
Following the transference of the weight of the deck-structure to the 
"permanent bearings, the erection of the towers proceeded as was 
convenient. 


~ 


Placing of Suspension-Cables. 
ze After the completion of the stiffening girders and the towers, the 


ables, for which horizontal reaction-points were now provided, were 
rected, delivery of the ropes from the manufacturers’ works being 
made by road as required. For unwinding each rope, the reel con- 
“taining it was set up on supports on the south abutment, and one 
socket secured to the end of a pilot-cable connected to a hand-winch 
“at the other end of the bridge, which pulled the rope across. A 
9-inch plank from end to end of the deck provided the necessary 
Srunway. The rope-socket was supported by a small wheeled trolley, 
and wooden bobbins, inserted between the rope and the runway, 
_ prevented abrasion. This arrangement was duplicated, so that work 
“on both cables could be carried out simultaneously. 
y- When the rope was unwound, the ends were picked up by two 
erection-cranes, threaded through the ends of the stiffening girders, 


fe 
~ and their bearing collars fixed in position. The rope was then lowered 
- to the deck, and the cranes took a fresh hold of it at points opposite 
the towers and lifted it into its final position, where it was adjusted 
“to its correct marks at the tops of the towers. The lifting device 
_ adopted ensured that the rope should not be bent to too small a 
radius. When all the ropes were in position, the hanger-clips were 
— erected and the hanger-rods attached. The cables at this stage were 
B prsctically unstressed and were about 15 inches shorter in overall 
, length than in the theoretical geometrical outline taken up under full 
dead load. For this reason, and because of the deflexion of the 


_ various stiffening-girder sections under the erection dead load and the 
the vertical position of the towers 


thrust camber, together with 
adopted for convenience in erection, the holes in the bottom ends of 


- the hanger-rods lay above the corresponding holes in the stiffening- 
girder hanger-gussets. Various methods might have been adopted 
_ to bring these holes into register ; in this case it was found to be 


= 


~~ « = bial Dee 
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convenient for the towers to be inclined towards the abutments \ 
lowering the cables in the side span and thus allowing the connexi 
of the side-span hangers to be completed. This movement of the 
towers, however, raised the centre-span cable and caused an even 
greater discrepancy between the holes in the hangers and the holes 
in the stiffening-girder hanger-gussets. The deck-structure had there- - 
fore to be lifted in the centre span, which was possible on accou nt | 
of the hinges near the towers and at mid-span. The amount of 
discrepancy between the positions of the holes was greatest at mid- - 
span, falling to zero at the towers in an approximately parabolit : 
curve. The amount of lift given to each stiffening-girder hanger- 
gusset hole was, however, approximately proportional to its distance 
from the tower. It was therefore necessary to raise the centre _ 
hinge by about twice the amount indicated by the discrepancy at 
the centre hanger, in order to allow connexion of the hangers near the 
towers. A certain amount of downward movement could be obtained — 
in the hangers near the towers by pulling them down by block and 
tackle, the cable taking a somewhat distorted outline under thes 
conditions. 
At this stage the holes in the hanger-rods towards the middle o: 
the centre span lay below the corresponding holes in the stiffenin g- 
girder gussets. To complete the connexion of the hangers to the 
stiffening girder in the centre span, the centre span was now lowered 
on the jacks at mid-span and the pins inserted as the holes came into _ 
register. To facilitate this latter process, the holes in the stiffening- 
girder gussets had been slotted slightly. The main essentials of the 
superstructure were now complete, and the further lowering of the 
middle of the centre span transferred the weight of the deck-system 
to the cables, and the structure thus became entirely self-supporting 


Erection of Other Steelwork. 


The erection of the carriageway buckle-plates, curb-plates and 
screen-plates, the footway cantilevers, stringers and trough plates 
and the balustrades was proceeded with in any convenient order. 


iS 


Costs. 


The accepted tender for the work amounted to £310,736. The 
Contract included the construction and removal of the temporary 
footbridge and the demolition of the old bridge, as well as the con- 
struction of the new bridge and its approaches. The piers cost 
approximately £38,000, the abutments £37,000 and the steelwork 
£149,000. Taking the net effective paved area of carriageway 
; 4 


RECONSTRUCTION OF CHELSEA BRIDGE. 491 


-footways, measured between the faces of the abutments, the unit 
cost works out at approximately £6-5 per square foot. 


ARSTHETICS OF THE OLD AND NEw BRIDGES. 


a The old bridge was interesting in that the functioning parts were 
masked as much as possible, being considered as something neces- 
sarily unsightly that ought to be hidden. The towers were of framed 
cast iron, not unpleasing in themselves, but they were concealed by 
"cast-iron casing, with glazed lattice panelling. The turning-point 
_ supports at the abutments and the chains where they entered the 
_ anchorages were also closed in. An ornamental toll-house was con- 
" structed at each of the four corners of the bridge, and the whole made 
“as decorative as possible. Before the pinnacles were removed in 
1921-22, the structure was a good and effective example of such 
- treatment. 
__ The new structure in comparison is very bare, and depends for any 
_ appeal it has upon its general lines, its massing and its simplicity. 
q Steel in the past has been a difficult material to use eesthetically, 
although many years ago Gustave Eiffel showed its possibilities when 
he built the Eiffel tower without disfiguring a beautiful city. The 
steel pylons carrying the electric transmission-lines of the British 
_ grid system are further examples of steel at its best, whereas Charing 
= bridge is an eyesore. 
__ The recent trend in taste towards cutting out the purely ornamental 
_and depending more for a pleasing effect upon the proportioning and 
design of functional members, together with the wider use of welding 
and the improvement in paints and metallic sprays, makes functional 
steel structures more acceptable now than in the past. 
q Although the new bridge is unadorned, more time was probably 
~ spent on its esthetics than on those of the old one. In this respect 
due regard was paid throughout to the views of the Royal Fine Arts 
~ Commission. 
So far the new bridge has merely been accepted, and it remains to 
_ be seen if its simplicity has any real appeal. 


CoNCLUSION. 


The old bridge was demolished and the new bridge was completed 
within the estimated cost, and was ready for opening 5 months 
_ before the date for completion, just in time to take the heavy traffic 
- for the Coronation. It was opened on the 6th May, 1937, by The 
Right Hon. W. L. Mackenzie King, C.M.G., Prime Minister of the 


Dominion of Canada. 
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1 
Everything went smoothly from start to finish, owing to the close } 
and friendly collaboration that existed throughout among those} 
concerned with the work. 
A list of some of the many who were concerned in the construction . 
of the bridge is given in Appendix I. 


The Paper is accompanied by twenty-seven sheets of drawings 
and two photographs, from some of which Plates 1, 2, and 3, the 
Figures in the text, and the half-tone page plate have been prepa 
and by the following five Appendixes. 


— : “? 
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APPENDIX I. . 
PERSONNEL. 
L ondon County Council :— 
3 The Right Hon. Lord Snell, C.B.E. . . . . . Chairman. 
The Right Hon. Herbert pamaitie J.P.,M.P. . . Leader of Council. 
Mr. G. R. Strauss, M.P. . . . .)Chairmen of High- 
Mr. R. Coppock : o Serie ways Committee. 
Mr. T, Peirson Frank, M. Sats ‘GE. . . «+. . Chief Engineer. 
Mr. K. T. Lomas, M.Inst.C.E. . . . . . . Assistant Chief En- 
gineer. pe 
_ Mr. H. Firth, Assoc. M. Inst.C.E. . . . . . Divisional Engineer. * 
Mr. H. G. Lloyd, M.Inst.C.E. . . . . . . Assistant Engineer. 7 
Mr. G. Topham Forrest, F.R.I.B.A. . . . Late Architect. 7 
_ Mr. E. P. Wheeler, F.R.ILB.A. . . . . . «. Architect. 


Assistant Architect. 


Mr. J. Maxwell Scott, A.R.I.B.A. . 
Ri oval Fine Arts Commission. 


Contractors :— 
; a Holloway Bros. aera Ltd. 

Mr. Henty Holloway . . : . . . Chairman. 

Mr. Roland Holloway. . . . Director. 

Mr. W. Storey Wilson, B.Sc., M. Tnst. OE.. : As 

Mr. A. E. Reid, Assoc. M. Inst. Chee wi.) . Agent, 

Mr. P. W. E. Boece Assoc. M. Inst. C.E. . a ‘ 

‘Mr. H. Wood . . : . General Foreman. 


= ecniatars' : 
ean? Furness Shipbuilding Oo, 1Ade 3) cae . (For all steelwork, — 
fabricated.) 
ssrs, Wright’s Ropes, Ltd. . . . ¢ < (Hor suspension- — 
’ : cables.) 


Duncan Kennedy, M. Inst.C.E.. . . + + Resident Engineer. 
y A. Travers, B.Sc., M. Inst. CE. . . . . Assistant Resident 
a Engineer. ror. 
Assistant. SF 
Clerk of Works — 
(Granite), 
Clerk of Works 
(Steelwork). 
Inspector, 
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Engineers—Messrs. Rendel, Palmer and Tritton :— 
Mr. A. T. Best, M. Inst. C.E. ’ 
Mr. A. J. Clark, B.Sc., Assoc. M. Inst. C.E. 
Mr. J. R. H. Otter, B.Sc., Assoc. M. Inst. C.E. 
Mr. E. O. Measor, B.Sc., Assoc. M. Inst. C.E. 
And the Joint Authors. 


q 


: 
APPENDIX II. 


FurtTHer PartiouLars or Hicu-TEnsisE STEEL. 

A manganese-copper steel was used for the 105}-inch-wide webs, and a 
manganese-chromium-copper steel for the remainder of the stiffening girders. 
Both steels were specified to have an ultimate tensile strength of 37 to 43 tons 
per square inch with a minimum yield-stress of 23 tons per square inch and a 
minimum elongation of 18 per cent. on British Standard Test Piece “A.” ¥F 
design purposes a working stress of 12-65 tons per square inch was allowed. In 
view of the comparative newness of the steels adopted, it was specified that 
approximately 2} times the number of tests specified for mild steel should be 
taken, in order to establish the uniformity of the material and to provide data 
as to the comparative desirability of plain manganese or chromium-manganese 
steels. Tables II and III give a summary of the results obtained. ; 


TasLe IJ.—HicH-Tensiczr STEEL. 
Percentage Chemical Composition. 


Cc. 8. Cu. Mn. Cr. 
Specified. . . . . . | 0:30 | 0:20 | 0-05 | 0-05 | 0-30 | — = 
(max.) |(max.)|(max.)}(max.)} to 
0-60 
** Ducol ” Range. 0-24 | 0-10 | 0-02 | 0-03 | 0-35 | 1-40 | — 
(Colvilles, to to to to to to 
Ltd.) 0-26 | 0-15 | 0-03 | 0-04 | 0-38 | 1-67 
Average of | 0-25 | 0-13 | 0-03 | 0-03 | 0-36 | 1-52 | — 
tests. 
“Atlantes ” Range. 0-22 | 0-05 | 0-03 | 0-02 | 0-40 | 0-74 | 0-40 
(Cargo to to to to to to to 
Fleet 0-28 | 0-17 | 0-04 | 0-04 | 0-53 | 0-98 | 0-48 
Tron Co.) 


Average of | 0-25 
all tests. 


In order to simplify the jointing of the girders, it was decided that a corres- 
ponding high-tensile rivet-steel should, if possible, be obtained. Several of the 
larger steel-companies had been experimenting on this problem for some years, 
and had produced steels which would give satisfactory riveting qualities and a 
driven shear-strength 30 to 50 per cent, greater than normal mild-steel rivets. 
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TasBLE III.—HieH-TEnsiLE STEEL. 
Physical Properties. 


Ultimate Elongation: per cent. 
Yield-stress : tensile : 4 
tons per strength: 
square inch.| tons per Longi- Grocewiee 


square inch.| tudinal. 


23 (min.) | 37 to 43 | 18 (min.) | 18 (min.) 


: Range. 23-0 39-2 18-0 18-0 
“ Ducol ” to to to to 
) Average of | 24-84 41-46 21-5 20-98 

all tests. 

2 Range. 23:3 37-1 18-0 18-0 
 & Ady » to to to to 
’ = ices 28:0 41-6 25:0 28-0 

eee Co.) Average of F9295-02 39-21 21-07 21-04 
all tests. 


a hha ee 

‘Various types have been tried, including plain manganese and manganese- 
chromium alloy-steels, with differing percentages of the alloying materials. 
‘The suppliers of the material carried out tests on the rivet-bars and undriven 
‘rivets for tensile strength and elongation, and on the driven rivets for shear, 
tensile strength and elongation, and supplied chemical analyses and material 
for check-analyses. Two casts of rivet-material were subj ected to tests, and the 
results are given in Table IV. 


P Taste [V.—TENSsILE Tests ON Rivet-Bars. 
nn nS a 
Dimensions * Dimensions 

of test-piece. Breaking. after breaking. 


Elonga- Re- 
tion: | ————— | duction: 


P Stress: per as : per 
ho serie Load: | tons per] cent. mee: eri cent. 
inches. | inches. igs fren inches. | inches. 


i re | | =e | ee 


Ist cast | 
material. | 0-87 0-594 | 17-70 | 29-8 34 0-49 0-189 | 68-2 


_ 2nd cast 
material. | 0-875 | 0-601 | 19:30 | 32-1 31 0-525 | 0-216 | 64-0 


The results of tests on driven rivets from the same two casts are given in 


‘Table V. 
- The minimum driven shear-strength was specified to be 26 tons per square 
inch, and as it was not feasible to carry out routine tests on the material during 


nanufacturers before such tests could be made, it was considered desirable to. 


‘production, owing to the handling of the material by the mills and rivet- 
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TABLE V.—SHEAR TESTS ON DriveN RIVETS. 


Dimensions of test piece. Breaking. 


Stress: 
No. driven together. Soe Area : Total 1 area . , ad tons per 
inches inches. inches. ee inne 
Ist cast material 1 0-916 0-659 7 
0-916 0-659 1-138 33-6 25-5 
1 0-925 0-672 
0-918 0-662 1-334 33-5 
2 0-918 0-662 
0-920 0-665 1-327 32-5 24-5 
2 0-916 0-659 
0-921 0-666 1-325 33-2 25-0 
3 0-920 0-665 
0-920 0-665 1-330 35-5 26-6 
3 


2nd cast material 


specify the tolerance on chemical analysis. The range of all 
ingredients allowed was based on the tests carried out by all the man 
turers, and the upper and lower limits of chemical analysis specified, toge' 


with the probable physical properties of the steel produced to these limits, 
as follows :— 


Carbon + + + © « « « 016 to 0-22 per cent. 
Silicon ~ WO a) ey DOIN AOR Boe 
Sulphur + + « « « «© .« 0:05 per cent. max. 
Phosphorus . eo © s 6 SOGE fe 
OOpDeT nn oe ee ate 2. 0°20't0. 0-00 per cent, 
Manganese . ‘ - 0°75 to 0-85 nS 


Chromium . . - » « 0:29 to 0-39 x 
Tensile strength of rivet rod. . . 30-9 to 34:5 tons per square inch, 
Shear strength of driven rivet . . 26-2 » 31:3 
Tensile strength of driven rivet . 37:1 » 46:6 ; 
Elongation on 2-inch gauge of driven rivet, 26 to 19 per cent. 
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Soe of the head of high-tensile steel rivets before driving is shown in 
2 3 Fig. 26. 

= 

Se 

ot 

- 

& 

( 


he This shape was chosen to distinguish between rivets of high-tensile steel and 
“mild steel, and to ensure better filling of the rivet-hole, the finished head being 
formed with a standard snap. The rivet-heads are similar to those used on the 
‘Sydney Harbour bridge. 

= 


APPENDIX III. 


FurTHER PARTIOULARS OF STEELWORK. 
Stiffening Girders. The main diaphragms between the two component girders 


7. 
_ consist of two main vertical plated diaphragms at cross-girder points, an 11-inch 
“by -inch plate joining the top flanges together, and a batten-system joining 
the two bottom flanges. Subsidiary vertical plated diaphragms are arranged 
_ between the girders at approximately the third-points between the cross girders, 
and in addition a horizontal plated diaphragm runs between the vertical dia- 
-phragms, 
Further stiffening is provided by vertical angles fitted between the top and 
‘bottom angles on the outside of each girder, midway between all vertical 
diaphragms, and by horizontal angles at approximately the quarter-points of 
_the depth of the girder on the inside, running between the vertical diaphragms. 
All diaphragms other than the main vertical diaphragms at the cross girders 
“are provided with manholes. In the wide section of the stiffening girder the 
diaphragm plates are stiffened by angles. 
The joints in the girders occur at intervals of approximately 31 feet 3 inches. 
‘Both component girders are jointed at the same point, and each joint is sym- 
‘metrical. 
_ As anticipated, difficulty was experienced in keeping within the usual tolerance 
in the manufacture of the web-plates 1053 inches wide, and it was found that 
in order to obviate a large proportion of rejections, a tolerance of 7} per cent. 
‘jn the thickness was necessary with a minimum thickness of — 24 per cent. 
No difficulty was experienced in making up the girder with these plates. 
_ Hangers. The hanger-clips (Figs. 8, Plate 1) are 2 feet 7} inches long, and 
made in two halves which are connected by a row of bolts above and below 
1e cable. At each hanger-clip, two cast-steel wedge-pieces 1 foot 3 inches 
g are inserted within the cable as an additional precaution against slipping. 
In tests to prove the efficacy of these wedges, carried out with two hanger- 
os on a 7-foot length of cable using a 1-foot 11-inch spanner for bolting up, 


y 
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slip commenced when a sliding force of 52 tons was reached, but 63 tons was } 
held after a total slip of } inch had occurred. : 
Before bolting up the hanger-clips, hanger-gussets 2} inches thick were } 
inserted, varying in shape with the angle which the cable makes with the vertical | 
hanger-rod. The details of the hanger-rods are shown on Figs. 8, Plate 1. . 
Where the distance between the cable and the stiffening girder is too small to} 
permit hanger-rods with the conventional eyes to be used, and where the cable ; 
is below the top of the stiffening girder, two flats are used instead, passing } 
through slots in horizontal diaphragms and connected by pins to diaphragms | 
arranged just above the bottom flange of the girder. _ 
Anchorage-ends. Under the end cross girder a deep trussed girder with its | 
bottom flange connected to the lowest point on the anchorage is arranged to » 
maintain the two stiffening girders against twisting. , 
The connexion of the rope-sockets to the end of the anchorage is made through 
split castings (Figs. 9, Plate 1) located by a spigot fitting into a hole in | 
bearing plate, and bearing on pairs of diaphragms riveted between the si 
plates of the anchorage-ends. At the steel-fabricators’ suggestion, the 8-in 
by 6-inch by §-inch end angles were bent to a true circular curve, and the 1-in 
bearing plates were bent to suit and then machined off square on the face bearing — 
on the seating castings which were themselves machined. The side-plates of 
the anchorage-ends were kept back from the heel of the end angles, and the 
individual bearing diaphragms machined and finally ground off to bear on the 
bearing plates. . 
: 


APPENDIX IV. 


PLant. 


As far as practicable, all plant was electrically driven, the power 
generated on the site. 

A central compressor-plant provided air for riveting and other pneu 
tools, and when this had to be closed down for reasons of progress, porta’ 
compressors were employed. 

The principal cranes used for demolition and construction were seven i 
number, all of derrick type. Two of 14-ton capacity were erected on each 
staging, upstream and downstream, one 5-ton on the north abutment, 
7-ton on the south abutment, and one 10-ton adjoining the erection-bay in 
south side-channel. 

Concrete-mixing was chiefly done by floating equipment which also batch 
the aggregate and cement, This arrangement provided a mobile means © 
concreting at different parts of the work as required, and also relieved to so 
extent the land area, necessarily limited, which was available for the Co 
tractor’s operations. 
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APPENDIX V. 
1 Time-TABLE, 
Date for commencement of Contract . . . . . . 15 October, 1934. 
§ Boone commenced . . . . ee Meet. ws... Ocbober, 198a-g 
‘Temporary footbridge commenced. > Aes | 3, © November, 1934, 
s GVEnEd wes su me see ht fee Marcbs-1936; 
old Bridge closed to vehicular traffic . . . . . . 28 February, 1935. 
» pedestrian traffic. . . . . . 4 March, 1935. 
D BAelition of old bridge commenced "a. =) = oe) 2 Marehs 1935- 
se », completed to pier level . . . 8 May, 1935. 
Pier Poterdams ‘commenced : ~ i | ¥ -June,, 1935: 
“ Se rcccting of south pier foundation commenced . . . 23 November, 1935. 
35 north - a Soe «© « » Odanuary; 1936. 
South Pieatompleted. . << - » +» » » » » » April, 1936. 
“North pier completed. . . : . June, 1936. 
E rection of deck-steelwork Soinaienned t in ereotion- bay. .- 9 March, 1936. - 
st section of deck-steelwork ae side- soe) floated 
into position. . - ; 26 April, 1936. 
ond float (north half ae main span) Sen ee | he une, Oo. = 
ird float (south half of main span) Jess i, a, Loduly, 1936. 
Fourth section erected (south side- span) ~ . . . . September, 1936. 7 
] lowerscompleted . . . . « . «  « % “November; 1936. 
Cable erectioncommenced . . . .- -- + ~~ *&I9 November, 1936. 
OONMPICEE Sat ge ree. Swoon 18 December, 1936. 
ixing of hanger-clips completed . . 16 January, 1937. 
H Hanger-connexions completed and leidge aide: elf 
supporting . . 25 January, 1937. — 
Upstream footway opened to public and temporary f foot- 
4 bridge closed . . 2 February, 1937. oi 
Demolition of temporary footbridge peneticed . . 4 February, 1937. 
ng of bridge and approaches eee ne bain oe yk May; 1937, i, 
e opened to public. . . ; . + . 6 May, 1937. pies 
for completion of Contract . . . - . - + 1 October, 1937. <a 
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; Discussion. 
‘The President. The PRESIDENT, in moving a vote of thanks to the Authors, 


‘ that he had read the Paper with great interest. The simplicity; 
: the design was admirable, and ornamentation would not have | : 
the bridge more meritorious than it was. He felt that it coulds 
called a masterpiece of simplicity. 
Mr. E. J. Bucxton said that, unfortunately, Mr. H. J. Feree 
was unwell, and was unable to attend the Meeting. He e: ites 
number of lantern-slides illustrating the work described in the Pap 
Dr. Davip ANDERSON observed that there had been no pre i 
examples of the self-anchored suspension-bridge in Great Brita 
he envied the Authors the opportunity that had fallen to themi 
introducing the new type of construction with the numerous de t! 
which had had to be considered, and their courage in taking ii : 
Had the Authors made any further studies in connexion wit 
- self-anchored type of suspension-bridge, and, in particular, had th 
formed any idea of the economic limiting span of such a b ide 
His firm had made two studies in connexion with that type of str1 
ture. One had been to assist a contractor with the technical si 
his tender. The contractor had been engaged in an internatiog 
competition, and the span involved was about 800 feet, rather mi 
than double the span at Chelsea. As far as they had been @ 
to make out, the adoption of the self-anchored type would have | 


and there undoubtedly the self-anchored type was not economic 
the large amount of steel which would have had to be put inte 
stiffening girder when it acted as a strut quite outweighed ¢ 


was adopted for Miilheim bridge over the Rhine. It would be 
however, if the Authors would say how much was saved i 
of the Chelsea bridge by comparing the cost of the addition: 
the stiffening girder acting as a strut with the cost of ancho 
the ordinary type. There were naturally occasions w 
anchorage of the ordinary type was very expensive, as fo 
in bad ground, and then the self-anchored type of structure 
attractive ; but in the case of Chelsea bridge the Authors 
with more normal conditions—ballast overlying Londo 
presumably an anchorage of the ordinary type would : 
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msive. Another point in connexion with the self-anchored type Dr. Anderson, 
was referred to in the Paper was that in many instances fairly 

pensive works would have to be adopted to carry the stiffening 

er temporarily before it was supported by the cables. 

jith regard to the settlement of the piers, the Authors had given 

ary interesting diagram (Fig. 24, p. 412) showing that settlement 

hardly begun at all until a very large percentage of the total 

ght had been put upon the foundations. They stated that, from 

average which they had been able to determine from other 

don bridges, they expected the settlement to be of the order of 

ch per ton per square foot of net additional load on the clay. 

the early part of the Paper it was stated that for the Chelsea 

ge the additional load would be in the neighbourhood of 23 tons 

st square foot, so that, on the basis of a settlement of 1 inch per ton 

ft square foot of net additional weight, a settlement of 23 inches 

id have been expected; Fig. 24, which apparently gave the 

al settlement, showed that it was about 1} inch. It would, 

‘efore, be of interest to know whether the Authors considered - 
the figure of 1 inch per ton per square foot, deduced from 

3 on other London bridges, was rather high. 

ir Benjamin Baker had been concerned with the question of the 

Jement which took place in London clay when Blackfriars bridge 

as being widened. The piers were being lengthened by building 

new masonry in course with the old masonry, and, rather than 

kk any settlement, all the piers had been test-loaded, which had 

en fairly costly. If it had been possible to predict closely before- 

d what the settlement would have been, it might have been 

ssible to save that expenditure. Actually, the net additional load 
Blackfriars was about 3 tons per square foot, and the settlement 

s 11 inch, compared with the 3 inches given by the average figure 

sntioned in the present Paper. 

Dr. Anderson had not had much experience of pre-stressed cables, 

f he had been informed by a cable manufacturer that if, after 

table had been pre-stressed, it was wound on a drum and then 

wound, the advantages gained by the pre-stressing were very 

gely lost. That was a very serious statement, and he would like 

know whether or not in the opinion of the Authors it was true. 

the case of the bridge over the Rhine to which he had referred, 

believed he was correct in saying that the Germans had evidently Sige 
| some such idea in mind, because the pre-stressing had been o> 
e alongside the bridge and the cables had been dragged up into ies 
tion without being put upon drums. ere 

r, H. T. Hottoway welcomed the opportunity of saying that Mee fare: 
tractors were very glad that they had brought the work to a eee oe 
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successful conclusion. The President had commented on 
esthetic quality of the bridge, and it might interest the engim 
present to know that several leading architects who were friend 
Mr. Holloway had without exception expressed their admiratio 
the structure from the esthetic point of view. The relations 6} 
contractors with the engineers had been most happy from the 
mencement of the work, and they had always found the Authors 
their engineers most helpful in checking their calculations. 

Mr. Harotp Fiera said that the old Chelsea bridge, with its - 
restriction of 5 tons, had long been regarded as a weak bridge : 
fact, it was doubtful whether it had ever been strong enough fo 
work. Very soon after it was opened in 1858 questions had a 
as to its strength, and the Office of Works, for whom the bridge 
been constructed by Mr. Page, had asked an independent engi 
Mr. Edwin Clark, to advise them. He had reported that the k 
was not as strong as a Metropolitan bridge should be, and « 
result of that the Office of Works had consulted the then Presic 
of The Institution, Sir John Hawkshaw, who had recommended t 
the bridge should be strengthened at once. Certain works had t 
carried out in accordance with his recommendations in 1863 
1864, at a cost of about £11,000. After the bridge had been y 
chased by the Metropolitan Board of Works in 1879 and freed fif 
tolls, Sir Joseph Bazalgette had reported on its strength and . 
recommended further strengthening, which consisted of the additi 
of a third suspension-chain and alterations of the suspension I 
costing a further £11,000. In 1903 it had been necessary to r 
defects in the deck-plates and certain cross-girders, and 
in 1929 and 1930 there had been rather extensive repairs 
deck-plates and cross-girders, chiefly near the abutments and pie 
the spires on top of the towers had to be removed about If 
When, therefore, the chief engineer of the London County Cot 
had reported that unless the bridge was reconstructed at an 
date more extensive repairs to the decking would be necessary, 
Council had decided in 1931, on his report, to proceed witl 
reconstruction of the bridge. At that time the Council had 
that it should be a six-line bridge ; but, as was stated in the 
the work had been deferred on account of the financial crisis, anc 
was not until November 1933 that the Council had decided to proce 
and, after consulting the Ministry of Transport, they had decid 
make it a four-line bridge. 

With regard to the type of bridge adopted, the Authors statec 
the Paper that ‘‘ The self-anchored type of suspension-bridge adoy 
has been used in various places on the Continent and in Am 
where site-conditions made it undesirable to subject the anche 
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fact that there was another bridge of that type in England ; 
y, the Albert bridge, the next bridge to Chelsea bridge on the 
fream side. Its main members consisted (Fig. 27) of flat bars 
jating from the tops of the towers and connected to the parapet- 
; iders, but above the radial bars there was a suspension-chain which 
3 b supported the radial bars and the parapet-girders by vertical 
fs; that suspension-chain was connected to the ends of the parapet- 
srs, which also acted as the stiffening girders for the suspension- 
em, and the chains were anchored to the abutments by vertical 
-bars. In so far, therefore, as it was a suspension-bridge, it was 
tly of the self-anchored type. 

e had visited the works on several occasions during the con- 
ction of the new bridge, and one thing which had impressed him 
§ the efficiency of the steel sheet-pile cofferdam used for the 
struction of the piers. When he saw the foundations, the bottom 
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pas dry as could be wished. It had been about that time that the 
f engineer of the London County Council had been considering 
t type of foundation should be adopted for the new Wandsworth 
ge, and it had been decided to give the tenderers the opportunity 
fendering either for caisson foundations sunk under compressed 
or for open cofferdams. The lowest tender showed a saving 
bout £12,000 in favour of the cofferdam type of foundation, 
the chief engineer had recommended the London County 
neil to proceed on that basis. The excavation for the north pier 
Bation at Wandsworth bridge had recently been completed 
a steel sheet-pile cofferdam, very similar to that used at 
sea, bridge. It was specified that the lower frame should be 
ir ucted in reinforced concrete, and an almost perfectly dry 
am was obtained by catching any water leaking through the 
t-stecl piling at that reinforced-concrete frame. 

> was particularly interested in the figures given on p. 410 with 
© the deflexion of the steel sheet-piling. It was stated on 
at, when it was left unsupported for a depth of 11 feet 6 inches 


jorizontal loads.”” Dr. Anderson also was evidently not aware Mr. Firth, 


ig a period of 5 days, there was a deflexion of } inch on each side. — 
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Mr. Firth, | There had been considerable argument with the contractors: 
Wandsworth bridge on the subject, and the figures given in 
Paper seemed to prove clearly that the clay was exerting an ac« 
pressure on the steel sheet-piling. It would be of interest iff 
‘Authors could furnish any further information on that point. — 

With regard to the settlement of the foundations, he agreed \ 

Dr. Anderson that the figure of 1 inch per ton of pressure per sqy 
foot seemed rather excessive, and hardly agreed with the settlenr 
actually recorded and shown in Fig. 24, p. 412, which clearly shoa 
that the settlement of the clay did not take place immediately on 
application of the load, but that there was a certain time-lag. ~ 
was shown by the acceleration in the rate of settlement during J 
1936, and in February and March, 1937. It might be of interes 
refer in that connexion to some loading tests made on foundat 
for the pier-extensions to carry the widened Putney bridge, a 80 
what similar work to that which Dr. Anderson mentioned at Bl 
friars bridge. In the case of Putney bridge the settlement und! 
total load of 4 tons per square foot was only about } inch, and W 
the test load was removed, reducing the pressure by about 2°71 
per square foot, there was an upward movement and the « 
recovered by about } inch. In that case, however, it was poss 
to leave the test loads in place for only the comparatively Bs 
period of 7 days, during which very slight settlement was obser} 
Had it been possible to leave the test load on longer, it was ¢ 
ceivable that more settlement would have occurred. : 

Mr, Storey Mr. W. Storry Wr:son observed that three main problemi 

a. faced the contractors at the commencement of the work : th 
tion of the old bridge; the design and construction of the ¢o: 
dams ; and the floating-in of the spans. He would like to say 
words about each. 

The temporary suspension-footbridges for the demolition 
old chains had been erected under each set of suspension-ch 
before the removal of the bridge-deck, and not, as the Authors ste 
afterwards. It had been quite a simple matter to erect those b 
while the deck was still intact. The deck-system of the old I 
had been removed piece by piece by four hand-cranes, with the 
of oxy-acetylene burners, commencing at the centre of the L 
and at both abutments and working towards the towers, in orde 
preserve the balance. The whole deck had been removed 
working days. With the removal of that load, some of the s 
been taken out of the chains, and it was interesting to note tl 
tivo lower chains pushed up the top chain to such an extent thi 
buckled at the pins, thus showing that it had not been carrying 
same load as the two lower chains. It would appear that wh 
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d chain was added it had been hung at the required distance Mr. Storey 
ve the second chain and had been duly connected through links sie 
the hanger-rods. It was probable, therefore, that the third chain 
d at no time carried more than its own dead load, except, perhaps, 
i small load as might have come upon it by the stretch of the 
er chains under live load. That had been confirmed by the fact 
, while the bridge was still under traffic, the period of vibration 
he top chains was much slower than that of the lower chains. 
chains, which weighed approximately 500 tons, had been 
oved in a period of 9 working days in the manner described by 
ve Authors. 
‘Analyses and tests of the material taken from the chains of the 
i bridge had given the following results :—carbon 0-024 per cent., 
licon 0-156 per cent., sulphur 0-015 per cent., phosphorus 0-245 per 
nt., manganese 0-057 per cent., chromium 0-037 per cent. ; 
ate tensile strength 22-2 tons per square inch ; yield-point 
ons per square inch ; and elongation on a 2-inch gauge-length 
) per cent. 
Tn discussing the type of pier-foundation adopted, the Authors said 
at the choice lay between caissons and open cofferdams ; when, how- 
ér, it had been decided to build the new piers on the site of the old 
ers, there had been really no choice, for he could scarcely imagine 
ny “engineer contemplating sinking caissons over old piers in prefer- 
ée to open cofferdams. The contractors had designed the coffer- 
ims, which were 59 feet deep, and had provided for five frames, the 
) three being in steel and the bottom two in reinforced concrete. 
s small number of frames and the distance between struts, which 
re spaced 10 feet apart, greatly facilitated the demolition of the old 
ers and the building of the new piers. The lower concrete frame 
s cast up against the sheet-piling and was converted into a 
jinage-channel. All the water running down the face of the piling, 
tead of finding its way to the bottom of the cofferdam, as was 
gally the case, was caught on the concrete frame and was carried. 
in pipes to the sumps. The result of that arrangement was that 
bottom of the foundation, when prepared to receive the first lift 
f concrete, was exceedingly dry; in fact it was so dry that the 
thors had commented on the effect of rain when the last spit of 
had been removed. In most of the cofferdams with which he 
{ others had had to deal, there had always been too much water 
ssent to give rise to fears about the effect of rain. The Authors 
expressed the opinion that the design of dam had proved to be 
economy to the contractors, but Mr. Wilson suggested to con- 
tors generally that that opinion should be accepted with reserve. 
nr ight, however, be advantageous in other ways ; the work was 
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undoubtedly speeded up, and probably earned the contractor ab 
for early completion. The cost of the work actually carried . 
inside the cofferdam was probably lower because the obstruct: 
caused by steel and concrete frames were less than would © 
occurred with timber frames. Work was cleaner and drier, and 
setting-out and inspection could be carried out in greater comf 

Looking back and considering the opinions expressed on 
occasions as to the relative merits of caissons and open coffe 
for the construction of the river-piers for Thames bridges, it was 
claiming too much to say that the results realized at Chelsea 
have an important bearing on the choice to be made for 
Thames bridges. The piers for Wandsworth bridge were at p 
being constructed in open cofferdams at considerable saving imc 
over caisson foundations, as Mr. Firth had remarked, and it * 
probable that the Chelsea cofferdams had had some influence in . 
decision in that case. : 

The floating-in of the spans was perhaps the most difficult o 
in the whole of the bridge-construction. The contractors’ desi 
the floating-in staging described in the Paper, and the detail a 
ments which they had had to make, required the greatest 
view of the short duration of a tide and the narrow limits wit: 
which they had to work. They had been fortunate in obtaining 
use of four eminently suitable pontoons from the Port of Lonc 
Authority. During the carrying-out of the contract, the Port 
London Authority had given the contractors every facility. 
Battersea arch had been closed to river traffic, and the Chelsea aa 
had been very much restricted. In return, the contractors had us 
every possible means to prevent any dislocation of river traffic, 
he did not think that there had been a single complaint on # 
account during the whole period of the contract. The contre 
gave due credit to the Furness Shipbuilding Company for supp 
the steelwork in such good shape and time as to enable the bridge 
be opened to traffic 23 weeks ahead of contract time. 

Mr. H. G. Luoyp remarked that he had been engaged in test: 
materials in connexion with the bridge and in keeping tidal rece 
With regard to tide-levels, the Newlyn datum was not mentioned 
the Paper; as that was the accepted datum for record work i 
Thames, it might be as well to state that at Chelsea bridge 1 
Newlyn datum was 1:33 foot above the Ordnance datum. T 
difference did not apply, however, to other parts of the Tham 
Tidal records had been kept at Chelsea since 1883. During 
construction of the new bridge, the tide-gauge on the souther 
Surrey pier was transferred firstly to the temporary bridge, g 
care being taken to secure accurate records, and finally to the n 
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ith or Surrey pier. The pier contained a vertical pipe 14 inches Mr. Lloyd, 
ernal diameter, connected to a horizontal pipe placed at 
10 N.D. The tide-gauge was connected to a 12-inch diameter 
dat, and the record was transferred to a diagram which was on a 
er scale than the previous one and corresponded with that used 
rthe Port of London Authority. 

He had carried out a number of tests on samples of clay, which 
te taken from the pier-foundations as soon as the clay was 
eposed and were tested by means of a double shearing test. 
hat test gave the values of K (the initial intensity of resistance 
} shear) and of « (the angle showing the rate at which the 
erease in resistance to shear with increased normal pressure took 
lace). Thence, by means of a formula for which he was responsible,t 
was easy to calculate fairly rapidly the load which the clay at any 
e level would support. The clay in question had been found to be 
fa different quality from that found under pier No. 5 of Waterloo 
tidge, which had failed. The greatest value of « was 21 degrees 
minutes, and the lowest was 10 degrees 57 minutes, the latter 
ure corresponding more nearly to that obtained at Waterloo bridge. 
émaximum figure for K was 1-553 and the minimum 0-59 ton per 
gare foot. The clay itself varied in density from 124 to 130 lb. 
t cubic foot, the depths whence the samples had been taken 
ging from — 17-50 to as low as the actual foundations, — 39°50 
). From those figures, calculations had been made of the 
i which the clay would withstand, by means of the formula 
which he had referred. The results varied, according to the 
sition of the clay, from 5-8 to as much as 13-9 tons per square foot. 
Various tests had been made on the concrete. In particular, 
npression-tests had been carried out with an hydraulic press, 
ng two gauges on the press to ensure accuracy. Concrete with 
portions of 6 to 1 by volume of ballast and Portland cement, 
ured in air, gave an average crushing strength of 2,631 Ib. per 
are inch at 7 days, and 3,668 lb. per square inch at 28 days, the 
sity being 145-9 Ib. per cubic foot at 7 days, and 144-5 lb. per 
sic foot at 28 days. A remarkable result was obtained with what 
ht be called an ideal mix of 1:14: 23, a crushing strength of 
57 Ib. per square inch being obtained at 7 days with a density of 
) Ib. per cubic foot. 

‘ther materials employed had also been tested ; a test cartied out 
some of the asphalts was perhaps of special interest. In order to 
sin their tenacity, the samples of asphalt were melted, poured 
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into briquette moulds, and then tested at different temperatures + 
the results plotted ; the resulting graphs clearly indicated the q 
of the asphalt. The test was quick, and could be applied to m 
before use or when taken out from the pavement for experimen 

The slight tilting of the piers, mentioned on p. 411, might 
be due to the action of the tides. The interval from high wate 
low water at spring tides was about 8 hours 16 minutes, whilst t 
from low water to high water was 4 hours 10 minutes ; at neap ti 
however, the interval from high water to low water was 7 
8 minutes, and from low water to high water 5 hours 27 mi 
The neap-tide curve was not very different from a sine curve, 
the spring-tide curve was very unsymmetrical, the rise being m 
steeper than the fall. The average rise per hour was 4-56 fe 
springs but only 2-36 feet at neaps, with upland flows of 
6,000 to 7,000 million gallons per day. That might bring v. 
pressures to bear on the piers, which might be sufficient to cause } 
very slight tilt which had been referred to. 7 

Mr. ConraD GRIBBLE remarked that there was no doubt 
considering a bridge over the Thames in the position of C 
bridge, «esthetic considerations, if not paramount, were of the 
greatest importance. The Authors had referred to only one alter 
tive form of construction that might have been adopted, namely - 
four-arch bridge, and they stated that owing to the proximity of * 
railway-bridge that type was not suitable. In considering whet. 
the bridge should be of the self-anchored type or of the ordinary 
of suspension-bridge, however, he took it that the nature of 1 
anchorages was really by far the most important consideration: 
enabling the engineers to come to a decision. If such a brid 
had been erected in a rocky gorge, where there might be an excell 
anchorage at a comparatively small cost, the factors affecting 
design would have been different; but in the present case 


would depend on the complication and expense of anchorages. 
other situations any comparison, he thought, would be not « 
between a self-anchored suspension-bridge and a normal suspen 
bridge, but also between a suspension-bridge and other types 
bridge. A cantilever-bridge could possibly be built of appro: 
mately the same outline as the suspension-bridge and having 
central suspended span. That would probably have the very gre 
disadvantage, however, from an esthetic point of view, of havi 
inclined web-members, which, at any rate to his mind, were fat 
sightly and beautiful than the vertical suspended bars of 
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pension-bridge. It was not possible, however, to lay down any Mr, Gribble. 

eral rules as to the relative economy of the various types of 

e without relation to the foundations, and particularly to the 

horages. 

‘He noticed that the Krupp steel piling used in the cofferdams had 

$ joints on what might be called the tension- and compression- 

anges of the members. The cofferdam had been extraordinarily 

ty, and he wondered whether that type of piling had any advantages 
hat respect over types where the joints were on the web-members. 

Dr. W. L. Lowz-Brown observed that Dr. Anderson had sup- Dr. 

ted the Authors in his suggestion that there were no previous meies 

mples of the self-anchored suspension-bridge in Great Britain. 

other speaker had already mentioned the Albert bridge nearby. 

would like to draw attention to the Royal Albert bridge at 

fash with two 455-foot spans (opened in 1859), which was in- 

putably of the self-anchored type (Fig. 28). It might be said 
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lat that bridge was not a self-anchored suspension-bridge in the 

nse intended by the Authors; in his opinion, however, it was 

sh a bridge, although the stiffening girders had been placed at 

e tops of the towers instead of at traffic-level. 

Mr. P. W. E. Hottoway said that he would like to place on record Mr. P. W. E, 
e names of some of the more prominent sub-contractors who were Holos: 
mentioned in Appendix I to the Paper: Messrs. W. Shaw & 
mpany, Ltd., supplied all the steel castings, and Messrs. Head, 
ightson & Company, Ltd., all the forged steel ; Messrs. Cooper, 

ettern & Company, Ltd., supplied the Cornish granite for piers 

J abutments, and the Aberdeen granite for the parapets. They 

d played an important part in the successful completion of the 

rk, and had helped to bring about the opening of the bridge for 


ffic 5 months before the contract date. 
He would also like to congratulate the Authors on having been able 


present their Paper for discussion so soon after the completion Gis 
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Mr. J. S. Witson, referring to the question of the pre-stressil 
the ropes, wished to draw attention to Mr. Banks’s Paper on. 
Island of Orleans suspension-bridge, in the Appendix? to 
would be found particulars of the tests on the pre-stressed ropes 
that bridge, showing that reeling and unreeling had no apprecis 
effect on the modulus of elasticity of the pre-stressed ropes. 

Another point of interest was the question of settlement. Hel 
always understood that the amount of settlement depended vi 
largely on the condition of the surface of the clay when the first 
of concrete was put on it. In many cases great care was taken W 
regard to the final surface, but if it were trodden upon by the 
men and softened, the likelihood of settlement would be far 
than if it were protected with either concrete or bricks, or in s0¢ 
other way, immediately after the last layer of clay was taken off. 
would be of interest to know the exact process adopted at Chel: 
bridge. 

He wished to add his contribution in praise of the appearance 
the bridge. The structure had been so well proportioned tha 
direct appeal was made to the sense of fitness and strength, and 1 
entire absence of anything added for the sake of appearance w: 
characteristic which he hoped would be taken as an example 
future bridge design. 

Mr. H. C. Boorn remarked that in 1895 and in 1897 he had hi 
the ropes which formed the spokes of the great wheels at Black 
and Paris pre-stressed, and he could say definitely that with tha 
ropes the pre-stressing had been effective, although the ropes had 
reeled and unreeled afterwards. That was in agreement with 
previous speaker’s remarks on the subject. 

One very interesting and fundamental point about all susper 
bridges, and one which affected the whole economy of construc 
was the deflexion. The first thing to be settled, in his opinion, W 
what deflexion or slope was to be allowed on the bridge to suit 
class of traffic and the conditions to be met. It was generally 
possible to get any specific information on that point. He 
recently had some communication with Mr. D. B. Steinmar 
America, and Mr. Steinman had agreed entirely that that y 
fundamental consideration in the design of all suspension-bridges 
the bridge were made a little stiffer, it might greatly increase the co: 

Mr. A. C. NicHotson said that he would like to answer one or 
of the questions about the way in which the cables behaved af 
being pre-stressed. In the first place, it should be mentioned 
on being re-reeled there was a certain apparent loss in the effec 
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stressing ; tests had, however, subsequently been made upon Mr. Nicholson, 
cables after reeling and unreeling, and it was found that the 

ole of the effect of the pre-stressing had returned. It was evident, 

efore, that the effects of pre-stressing were not lost when the 

bles were erected on the bridge. It might be added that there 

a great deal of advantage in the system in regard to the marking 

the cables ; the cables were naturally shorter when they were in 

ir normal unloaded state, and when they were pre-stressed it was 

ssible accurately to mark the various points to which attachments 

>to be made when the cables were on the towers. 

. T. H. Wexzster said that he had seen estimates for the cost of Mr, Webster. 
ierloo bridge which placed that cost at £1,300,000 ; also the cost 

@ new bridge at Charing Cross had been given as £9,000,000, but 

jm the Paper it would appear that the actual cost of the new bridge 

ross the Thames at Chelsea was only about £300,000, which was 

out one-thirtieth of the cost of the proposed Charing Cross bridge. 

as striking to compare the cost of £300,000 for a suspension- 

ge across the Thames with the figure of £1,300,000 for an arch 


dge, such as at Waterloo. 

*, Sir Grorcz Humpureys, Past-President, observed that in Sir George 
ast phases the old bridge had been under his charge, and it had Humphreys. 
mn his responsibility to arrange for its maintenance. The orna- 
ental parts of the cast-iron structures of the towers had been a 
ree of trouble; pieces frequently dropped off, and the suscep- 
ities of artistic Chelsea were very disturbed when what were 
ignedly temporary expedients were resorted to in order to replace 
lodged portions. The state of the carriageway became so feeble 
st he advised the removal of the old bridge and the construction 
4 new one just prior to his retirement from the post of Chief 
ineer to the London County Council. His recommendation had 
n adopted; the new bridge formed an important link in the 
don traffic-routes, and, contrary to what had obtained in the 
t, could carry motor-bus traffic. 

he question had been discussed of the relative merits of founding 
lge-piers in the Thames by means of compressed-air or free-air 
hods, and the examples of the latter method as tried at the new 
sea bridge and even more recently at the new Wandsworth 
idge, were cited as examples of the saving that might be effected 
adopting the free-air method. If for any particular bridge 
mative Bills of Quantities were prepared for founding in com- 
ge air or in free air, and tenders were asked for on those data, it 


ld almost certainly be found that tenderers would quote a lower 
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_ its surface filled with ballast. In either of such events, he was | i 


should arrive at an unfettered decision as to the course | OK 
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price for the latter. Whether the information furnished — by 
tenders would conclusively prove that ultimate economy © y 
result from the adoption of free air was not so certain. The] Y 
forms of steel sheet-piles were undoubtedly a great advance ¢ 
old timber dams, once the only practical type, but the succes 
use of steel sheet-piling was largely dependent upon the natu 
the ground through which the foundation-block had to be constr 
It was apparent from the discussion that the efficacy of the a 
ments for keeping the bed of the foundation dry depended | 
upon the leakage through the sheeting being intercepted by @ 
forced-concrete bottom frame and conducted away into the | 
by pipes, and upon the surrounding ground, in the case of bot hk 
bridges cited, being favourable and not exerting undue pre : 


y 
lar: 


the sheeting before it could be well strutted. It thus appea 
given favourable ground, steel sheet-piling could perform the nece 
function, but in his opinion it provided little or no margin * 01 
tingencies should the condition of the ground prove unfavo 
example, if poor clay were met with, or if the level of the clay 
prove to be lower than anticipated, owing to an unexpected fu 
opinion that the greater adaptability of the compressed-air m 4 
to meet such unexpected difficulties might well prove it to b 
more economical method in the long run. The question was } 
esting ; in any particular case the engineer concerned should 
the most thorough examination beforehand of the actual phys 
conditions to be encountered, and, after balancing the probabil 


L] 
, 
1m 
is 


adopted. 

The AurHors, in reply, observed that they had carefully st 
the application of the self-anchoring type of suspension- | 
Chelsea, but they had not gone further afield in their inves 
than had been necessary. Dr. Anderson had suggested that, alth : 
a self-anchored suspension-bridge might be economical for mode: 
spans, at anything over 1,000 feet it might not prove to be 
cheapest type, and he had asked how much had been saved 
adopting the self-anchored type of bridge at Chelsea. To giv 
true figure would mean a great deal of work ; in effect, it bab 
necessary to design an ordinary suspension-bridge for pu 
comparison. Actually, the Authors had found that the sland c » 
type would be cheaper, and also it had certain advantages, sv 
greater stiffness, over the ordinary anchored type of s spen: 


With regard to the settlement of the piers, it had been s Zes 
that 1 inch per ton of additional weight per square fo oot mi 
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ie but they had only taken that figure as a guide, and did The Authors, 
f think it was excessive when applied in the manner described 
the Paper. The pier had already been constructed, and as the 
perstructure would increase the loading by about 1 ton per square 
rt, 1 inch had been allowed for further settlement. Actually, 
¢ pier had first settled 1 inch, and had then slowly settled a further 

ch, probably due to delayed settlement of the first portion. If 
ything, however, that movement indicated that an allowance of 

ach per ton per square foot for the added loads, such as those of 
superstructure, was not enough. They did not think it would 
safe to apply the figure of 1 inch per ton per square foot to bridges 
nerally ; the condition of the clay varied, and such an assumption 
ald be regarded only as a very rough-and-ready method of dealing 
th the matter. 
The question raised by Dr. Anderson in regard to the pre-stressing 
‘the cables had been answered by subsequent speakers, who 
uted that the pre-stressing was effective. The great benefit of 
‘stressing was that the ropes could be marked to the correct 
igths ; the ropes were all of different lengths (since they traversed 
ghtly different paths), the maximum variation being nearly 12 
thes, and the marking had to be right to a small fraction of an 
eh. Each rope had been stressed to its working load and had then 
m marked off, so that when it arrived on the site the exact spot at 
sh each clip was to be attached, and the points where it was to 
each tower, were indicated. The pre-stressing could not have 
1 carried out on the site at Chelsea, as had been done in Germany. 
though Mr. Firth had raised the question of whether or not 
new Chelsea bridge was the first self-anchored suspension-bridge 
Gngland, the Authors still thought that it was the first. Mr. 
h had referred to the Albert bridge ; that bridge, however, was 
a suspension-bridge, but was a composite bridge. It had radial 
ds which gave it a cantilever form, and combined with that it had 
pension-chains. It was, however, in some respects similar to a 
anchored suspension-bridge in that it had vertical shore 
horages. Dr. Lowe-Brown had instanced the Royal Albert 
ge at Saltash as an example of a self-anchored type of bridge. 
was probable that no engineering design could be said to be 
irely new, but there was very little similarity between the Royal 
yert and Chelsea bridges. 
fr. Firth had also mentioned that in the case of Wandsworth 
dee the use of either caissons or open cofferdams for the piers had 
n considered, and that in view of the satisfactory results obtained at 
slsea it had been decided to leave that matter optional wheninviting 
ders, with the result that the open cofferdam had proved cheaper 


- 


_ 
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The Authors, and there had been a saving of £12,000. The relative mer 
caissons and open cofferdams had often been discussed, and 
Sir George Humphreys and Mr. Peirson Frank had been inter 
Fs in the matter. The Authors themselves believed in doing wos 
; the open if it were at all possible. | 
Mr. Firth had asked for further information with regard td 
deflexion of the steel piling, but the Authors had not muce; | 
information than was given in the Paper. Such measur na 
like those of the temperature of the concrete, were incider 
they could easily be taken while the work was proceeding, bvi 
they had not been of paramount importance only such recore 
were convenient had been taken. - 
Mr. W. Storey Wilson had given some interesting particulars 
the contractors’ point of view, and the Authors wished to tal 
opportunity of congratulating the contractors on the excelles 
their work, which had been carried out in very happy conditi¢ 


that there was an economy to the contractors in the design of! 

_  cofferdam, but he had thanked the engineers for the opportu 
of adopting that system; in other words, he thanked the eng 
for giving him the opportunity of losing money! The Author 

not been very enthusiastic over the scheme at first, at least se 

as the reinforced-concrete frame was concerned, because W 
excavating in that way it was desirable to be able to take v 7 
thrust as excavation proceeded, and it was some time befon 
reinforced-concrete frame would take its load. In many so’ 
would not adopt that system or that type of frame, but would ni 
timber frame and would take up the thrust before the soil out 
would be able to push in the sides of the trench. In the case 
question, however, conditions had been so favourable and the « 
had been so good that the method adopted had made an excel 
job, and they were sorry if the contractors had really lost mo 
on it. a | 

Mr. Lloyd had mentioned the tilt of the piers, and had giv 
interesting outline of the tide-effects. Some tilt was to be e: | 
a very large mass was settling, and it was not to be expected tha 
would go down absolutely vertically. The amount of tilt, as measu 
at the tower bases, was only about } inch at the most. “ 

_ Mr. Gribble, in dealing with the question of self-anchoring, ] 
answered Dr, Anderson, The new Chelsea bridge had to 
heavy modern loadings, and anchorages would have had to 

good. The cantilever type with a suspended span was qui 
but Mr. Gribble did not think the appearance would be 


———— 
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e question of whether or not it was an advantage to have the 
on the flanges instead of in the web at the neutral axis. 
Authors did not know what the effect was on watertightness, 
the piles adopted were very satisfactory from the point of 
‘ of both stiffness and watertightness, and on most jobs they 
wld prefer to have the locks of the piles away from the neutral 


Mr. P. W. E. Holloway had observed that certain sub-contractors 
1 not been mentioned in the Paper; if names had been omitted 
ich should have been mentioned, they were sorry. 

‘referring to the foundations, Mr. J. 8. Wilson had mentioned 
importance of a good surface for the first lift of concrete. Firstly, 
equate drainage was essential in order to keep the bottom as 
y as possible; secondly, the final surface should be exposed as 
@ as possible, and the placing of concrete should commence as 
m as the last spit had been taken off. The exact condition of the 
face as regarded wetness did not matter so much if the concrete 
fe placed as soon as the final surface was exposed. 

fr. Webster had referred to the suspension-bridge at Chelsea 
sting £300,000 and to Waterloo bridge costing £1,300,000 (although 
ually the comparable contract figures were £310,737 and £647,624), 
her suggesting that if the London County Council were to consult 
ame engineers they would get a much cheaper bridge at Waterloo. 
s0 happened that the same engineers were in charge of both jobs, 
d the difference in price was due to local conditions requiring 
erent types of bridge. 

ir George Humphreys was of course fully aware of the advantages 
aissons over the older types of cofferdams, but, as he had implied, 
advance in recent years in steel sheet-piling and pile-driving 
changed the relative merits of caissons and open trenches for 
construction of bridge-foundations at moderate depths. As 
George had pointed out, one of the advantages of caissons over 
“type of open trench was that with caissons it was easier to go 
ser than the designed founding depth if the bottoming proved 
avourable. In rivers such as those of India, Burma, and Africa, 
re uncertainties were much greater than on the Thames, open 
shes were seldom used. The caisson principle was adopted by 
ing monoliths, usually by open grabbing, with provision for 
pressed air if found necessary. 

n the case of Chelsea bridge the general formation was well 
wn and the exact local formation had been investigated by 
ngs at an early stage, and open trenches had been decided upon. 
: conditions for Lambeth bridge were very similar, but there 


Jhelsea. Mr. Gribble had also referred to the cofferdam piles and The Authors, 


a a 
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" ‘The Authors, caissons had been adopted. The Authors considered c 
not likely to be used for the foundations of any future bridg : 
Tower bridge. 


4*% The Correspondence on the foregoing Paper will be pu di 
in the Institution Journal for October, 1938.—Szc. Inst. C.E. 
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INTRODUCTION. 


~ Hooxr’s law states that if a “ springy body ” be loaded the resulting 
displacements are proportional to the forces which produce them,” 
and experience shows that many engineering structures obey this 


> law. d 


It is a direct corollary that the effect produced upon such a 
_ structure by a number of loads which act simultaneously is the same 
__as the algebraic sum of the effects produced if the loads are assumed 
to act separately. This is the Principle of Superposition, which is 
well known as a theorem although its practical application to the 
analysis of structures is sometimes not fully appreciated. The object 

of the present Paper is to show how, by its help, comparatively 
simple solutions can often be obtained of problems which are some- 
_ what intractable by more direct methods of attack. The method 
described is applicable only to structures which are symmetrical 
- about a centre-line. 


1 Correspondence on this Paper can be accepted until the 15th April, 1938, 
and will be published in the Institution Journal for October, 1938.—SEc. 


~ Inst. C.E. 
2 R, V. Southwell, ‘‘ Theory of Elasticity,” p. 4. London, 1936. 
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PRINCIPLE OF THEOREM. . 

To illustrate the principle, let Figs. 1 (a) represent any body which} 
obeys Hooke’s law, carrying loads W, and W2 as shown and supported! 
at the points A and B. ; 
The load-system is the sum of the two systems shown in (6) and (¢), ! 
and the stress at any point, such as D, which is produced by the load-- 
system (a) is the algebraic sum of the stresses produced by the load | 
systems (b) and (c), whilst the displacement at any point due to (a) iss 
the algebraic sum of the displacements due to (0) and (c). For the} 
sake of brevity this statement will be expressed in the form : 


(a)=()+(c). 
It is important to realize that the structures of (a), (5) and (¢) are 


identical ; no modification must be made. This warning is necessa ry 
since in some text-books a so-called method of superposition is give 


EE 


Figs. 1. 


We 
Wy; 
B 
A fa) 
WwW, 
(v). = (ec). 


in which a redundant structure is divided into two simply-stiff frames 
and the loading is applied half to one and half to the other. 
solution of the stress-distribution obtained in this way is onl oy 
approximate ; it may in some cases be a good approximation but it 
cannot, in general, be exact. This method must not be confused. 
with that now to be described, which furnishes exact solutions. _ 

The examples which follow are in no way exhaustive but are chosen 
solely to illustrate one way in which the principle can be applied 
to the solution of typical problems. In some of the cases illustrated 
other methods may be preferable ; the particular method used will 
always be, to some extent, a matter of personal inclination. 


——— 
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APPLICATION TO Encastrn Brams. 


The usual treatment of the encastré beam is based upon the facts 
that the area of the free-bending-moment diagram is equal to the 


a. 
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area of the fixing-moment diagram, and that the moments of these 
areas about any point are also equal. If the free-bending-moment 
‘diagram is of a simple form this method is quite straightforward, 
* if it has to be plotted and a planimeter used for the determination 
of its area and moment it becomes laborious. 

4 Suppose, for example, that the encastré beam shown in Figs. 2 (a) 
arries a uniform load of intensity 2w over one-half of the span, 
and that it is required to determine the values of the end fixing 
moments M, and My. The standard method referred to above 
1 ecessitates either the use of a planimeter or the mathematical 
integration of the free-bending-moment diagram, and is unnecessarily 


Figs. 2. 
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engthy. The load-system (a) can, however, be replaced by the two 
stems shown in (0d) and (c) respectively in Figs. 2 ; (b) consists of a 
iform load of intensity w acting on the whole span, while (c) con- 
sts of a downward load of intensity w over one-half of the span and 
an upward load of intensity w over the other half. 


Then (a)=(b)+(c). 
Now, b is a standard case of loading given in all text-books and the 
nd fixing moment is 
wl? 
. 12 
__ It is clear from the skew-symmetry of the arrangement that in 
case of loading shown at (c) there is neither bending moment nor 
exion at O, the centre of the beam. There is, however a shearing 
e F, and the two halves of the beam are in equilibrium under 
actions shown in Figs. 3. 


Mo) = 


- 
ow 


ie 
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Figs. 3. 
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Considering the left-hand half, the upward deflexion of O due 
F equals the downward deflexion of O due to w. 


That is, a a oar 
whence Ye = wl, 
and Mey = a = _— = = 
Hence M, = Ma + Uo= — * — = 4 
and 


As a second example, consider the encastré beam loaded as sho 
in Figs. 4 (a). The load in this case varies linearly from an intensi 
of nw at one end to one of pw at the other, and can be divided i 
two systems as shown in ()) and (c). The first of these is a load 
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E n 
“form intensity (? w over the whole span, and the second is 
z 


oa load varying linearly from (5) w at one end to — (’ 3 a 
a at the other. 


A As before, (6) is a standard case and the end fixing moment is 
B (n + p)wL? 


The loading shown at (c) produces neither a bending moment nor 
* deflexion at O but, as in the first example, there is a shearing 
z force F. 

, The left-hand half of this beam may be considered to be a canti- 
_ lever loaded as shown in Fig. 5. The deflexion at O is, by the first 


Fig. 5. 


‘ dU ‘ 
_ theorem of Castigliano, given by TF for any value of F, and since 


. aU 
this deflexion is zero F can be determined from the equation aR 0; 


. dM, 
7 that is, [use TF * da = 0. 
> " — 
Then, putting 5 T as k, 
kwa3 P ' dM, Au. 
as ae 2 


and 


Ris kewl? = kwh? | kwL? 
and so Me ae 94 STAC cae wt Cr . 


» a7 ed | a a 


ys: Pe 
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n+ n—>p 
Then My =: Mw) -f- Me) Zs OF + 120 ) wl, 


wL2 
“60. (3n + 2p), 


n+p n—p 
and My = Mo — Me = ( 94 120 ) wre, 


2 
=~ (2n -t 3p). 


It may be noted that the central deflexion of the beam unde 
the load system (a) is the sum of the central deflexions due to (6) and 
(c), and since that due to (c) is zero the central deflexion is ; 


‘ 
> 
" n+ ain a. (n + p)wLl 
: saz # es ) wt ~ 768E1 


APPLICATION TO THE ELAstic ARCH. 
An excellent example of the utility of this method is afforded by 
the case of the elastic arch-rib encastré at the ends. Portals may be 
treated in an exactly similar manner. In this type of structure 
there are three redundant elements which may conveniently be taken 
to be the bending moment, the thrust, and the vertical reaction at 
one end. 
By using strain-energy methods three simultaneous equations 
can be obtained which, on solution, give the values of these reactions, 
- The equations are, however, involved, and an explicit solution it 
general terms is extremely cumbersome. If the Principle of Supa - 
position is used, however, the work is simplified very considerably 
and a general solution is readily found. 
A segmental arch of the type under discussion is shown in Figs. 6.) 
‘It is encastré at A and B and carries a load 2W at an angle ys from 
- the axis of symmetry OC. The reactions at A are V4, H and M, A 
and at B they are Vy, H and Mg. | 
The load-system is split up as shown in Figs. 6 (b) and (c), so that, 
as before, 


(a) = (b) + (¢). 
‘The reactions at A and B under the symmetrical system (b) consist 
of ial vertical reactions W, a thrust H, and equal fixing moments 


Sa ae the skew-symmetrical system (c) there is no thrust, » the 
___-vertical reactions are equal and opposite, of magnitude hy and tl 
‘fixing moments are equal and opposite, of magnitude |.) Oe r 

Since in case (b) the loading is symmetrical it is only necessary 0 


m. § - 


i= 
n 
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Figs. 6. 
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~ consider one half of the arch, and with the notation shown in Figs. 7 (0) 
~ the bending moment at any point X will be, 

E M, = MW’ — H,R(1 — cosa) + WR(sina — sin pf), 

"where M’ is the bending moment at the crown and the last term 
_ only occurs when « is greater than. The conditions to be satisfied 
» are 


Vie) 
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and the equations are therefore 
[Ma =0 
and JM,(1 — cos a)da = 0. 
But {M,(1 — cos «)da = [M,da — JM, cos ada = 0 — JM; cos odd 
The equations to be solved are therefore 
for — H,R(1 — cos a)}da + wr sin a — sin pda = 0, 
0 


and 


) 0 
i {M’—H,R(1 — cos «)} cos ada +- wR | ‘in a% — sin ) cos ada= 
0 - 


tn pi a 


1 

By integration and reduction : 

— H,R(6 — sin 0) + WR{cos y — cos 6 — (0 — #) sind} = 
‘sin 0 — H,R(4 sin 6 — 20 — sin 26) 


+ WR{cos 2x — cos 20 — 4 sin (sin @ — sin #)} = 0, 
and these give 


gy pe koos ab + cos 26 — 2) + 4 sin O(cos f — cos 0 + sin p) 
a 26? + @ sin 20 + 2 cos 20 — 2 


By taking moments about B, 
M, = M’ — H,R(1 — cos 6) + WR(sin 6 — sin p), 
whence, substituting for M’ in terms of H, from the first equatio 


My pH? cos @—sin 0)—W{(cos +4 sin )—(cos 0+-6 sin 6)}}. 


Let the skew symmetrical case shown in Figs. 6 (c) be now con 
sidered. From the symmetry there can be no bending moment at 
©, and since there is no vertical movement of this point, it is agai 
only necessary to deal with one half, as shown in Figs. 7 (c). 


The iy moment at X is 
=(V,— W)Rsinaw + WR(sin« — sing), 


the second term dep te appearing when « is greater than wp. 
The condition to be satisfied is 


dU 


arn 


Since 


dM, : ; rete 
| ae R sin «, this condition gives the equation 
c 


0 0 
(V.e-— wr | sin? ada +- WR | sine — sin w sin p)da = 0. 
r . 


‘‘ 


inl 
. <a ~ 


wg 
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E. Integrating this and reducing gives 
W(2 + sin 2x4 — 4 cos @ sin p) 


Ve= 


20 — sin 20 : 
uM. = W Riz sin 0 — sin y(20 + sin 20) + sin 2x sin 6} 
J 26 — sin 20 


- Superposing the two sets of results, the complete solution is 
O(cos 2x + cos 20 — 2) + 4 sin O(cos f — cos 6 +y% sin #) 
262 + @ sin 20 + 2 cos 20 — 2 


{1 4 Qs + sin 2 — 4 cos 0 mth 


ee 


26 — sin 20 
a 2Qys + sin 2 — 4 cos A sin 
Vo= Wi — 26 — sin 20 ; 
M,=M,+M, 
Mz=M,—M, 


Tt will be noticed that, although there are still three redundancies 
to be evaluated, two in case (b) and one in case (c), this involves 
only two simultaneous equations, which occur in case (0). If the 
problem were attacked directly there would be three simultaneous 
tions to be solved, and in addition, the number of terms would 
onsiderably greater and the whole process very much more 


APPLICATION TO Bow GIRDERS. 


- The general treatment of the problem of the girder curved in plan 
een given by the Author and the resulting equations, while 
sily soluble in numerical cases, do not readily yield explicit solutions 
neral terms. By an application of the Principle of Super- 
on, however, such explicit solutions can be obtained quite 
y.2 a 
A ose, for example, a girder in plan form consists of the arc of 
cle subtending an angle 2d at the centre, as shown in Figs. 8 (a). 
ad 2W is carried at an angle « from the centre. 

‘his loading can be replaced by two systems as shown in (b) and — 
the same figure. The load-system (6) consists of two equal 
— : : 1 . ya 


“ 


rain Energy Methods of Stress Analysis,” pp. 41 et seq. London, 


r is indebted to Miss Letitia Chitty for the calculation of the ‘ oe 
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Figs. 8. 


loads W at --« from the centre-line, and the load-system (c) consis 
of a load W acting downwards at « and an equal load acting upwa 
at — a. 

Considering first the load-system (b), it is clear that at the cen 
of the beam the only resultant action is a bending moment Mp 
Both the torque 7'p and the shearing force F'p are zero. 

In Figs. 9 (b), if X is any point at @ from the centre of the girder 
then, using Macaulay’s notation, 


M, = My cos 6 +[WR sin (0 — «)] 
and T', = —Mp sin 6 — [WR{l — cos (0 — «)}). 


: eU 
Then, since aM. = the following equation can be formed fo 
D 


Figs. 9. 


\ 
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the evaluation of Mp, 


Dre $ 
mall Mp cos? 640 +] WER sin (9 — a) cos ai6| 
0 a 
err * $ 
+ NT | My sin? 640 +f WR{l — cos (8 — «)} sin aio| =f, 
0 a 


z where EI is the flexural rigidity and NJ is the torsional rigidity of 
_ the beam. 

___ Upon integration and reduction this gives the value of Mp. 

a If M, and 7 are the values of the fixing-moment and torque 
_ respectively at the ends of the beam, 


= My, = Mp cos¢ + WRsin (¢ — @) 

_ and T, = —Mp sind — WR{1 — cos (f — a)}. 

ws Thus, having found Mp by the solution of one equation, M, and 
_ Ty can be obtained. These are given by 

 My[BI(24 — sin 24) + NJ(2p + sin 24)] 


— WRU(EL + NJ}{(p — a) sin (6 +0) + (6 +2) sin $—a)} 
+ EIA cos ¢(cos d — cos «)] 


and 
 T,[E1(2b — sin 24) + NI(24 + sin 24) 

3 = —WRI[EI + NJ){26 — ($ — a) 008 (p + 2) 

— (p + «) cos (f — a) + 2 sin d(cos fh — cos «)}]. 

Be Now, considering load-system (c), the resultant actions at the 
centre of the beam consist of a torque 7'p and a shearing force F’p ; 
_ the bending moment is zero. 
As before, at « from the centre of the beam in Figs. 9 (c), 
-. M, = Tp sin 0 — FpR sin 6 + (WR sin (0 —a)], 
and 7,=T>pcos 6 + FpR(1 — cos 8) — [WR{1 — cos (8 — a)}}. 
_ Here there are two unknown redundant actions, and it is necessary 
to solve the simultaneous equations derived from 


Ee 
OBod. 
Alana | 
Fp 


These equations are formed as before, and using the relations 


ee - M.=(Tp — Fp) sind + WR sin (f — &), 


‘and F,=W—Fp, , 


T,= (Tp — Fok) cosh + Fpk — WR — cos (¢ — %)}, . 


458 PIPPARD ON AN APPLICATION OF THE PRINCIPLE OF 


where M,, 7, and F, are the resultant actions at the end of th 
beam, it is found that : 


M{ETiG(2p + sin 26) — 4 sin? } + NI{(24 — sin 29)}] | 
= —WR{(EI + NJ)b{(¢d — «) sin ($ + «) — (Pb + &) sin (b — a} 
+ EI{4 sin d(f sin « — « sin )}], 

TLE1{p(2p + sin 2) — 4 sin? J} + NJ {p(2d — sin 24)}] 
= —WR(EI + NJ)[2pae + ${(6 — 2) cos (f + 2) | 
— (P + a) cos (d — a)} — 2a sin (cos d — cos «)], 
and 
FLEL{(G(2p + sin 2p) — 4 sin? $} + NI{$(246 — sin 24)}] | 
= W((EI + NJ){2da — (f — a) sin (f + a) + ($ + &) sin (6 — w)} 
+ El(« sin 24 — 4 sind sina) — NJx sin 24). 


The values of the end-reactions are thus determined for the sym-— 
metrical and skew-symmetrical load-systems, and their superposition 
gives ; 


M,=™M,+ 4M, - 
Mz, = M,—M, | 
Dg = Te a Ti j 
T,=T,—T, ; 
FS WE FS ww OP 


Fy =W-—F,=Fp 


APPLICATION TO BRACED FRAMES WITH REDUNDANT Bars. 


When a structure which has a number of redundant bars exhibits 
symmetry about a centre-line an application of the Principle of 
Superposition considerably reduces the work of analysis. 


Figs. 10. 


Q2Ww 


XOX 


The example chosen to illustrate this is a simple one and is shown 
in Fig. 10. It consists of a four-panel truss with counterbracing 
in each panel, so that there are four redundant bars. A load of 2W 
acts at joint D as shown, and the bars CA, DK, FH and GB are 
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Ph |» 


x onveniently chosen as the redundant members, the tensions in them 
being Ry, Ry, Rs and R, respectively. 

Using the second theorem of Castigliano, the conditions for the 
solution of the problem are , 


’ oU ooo = ou ou 


ae we ee oh eo ee 


The four resulting equations in the ordinary way have to be solved 
simultaneously. : 
Suppose, however, that the load-system is split up into the two 
systems shown in Figs. 11. The system shown in Figs. 11 (a) is 
“symmetrical about EJ, the centre-line of the truss, and so correspond- 


Figs. 11. ( 
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(a). 
w Ww 
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(b).., 


pars on either side of this axis of symmetry must carry the same 
. It is only necessary, therefore, to assume two unknown 
nsions R’;, and R’g, as shown instead of four as in the case of 
uns) mmetrical loading. 
_ The second load-system shown in (6) is skew-symmetrical, a load _ 
ing downwards at D and an equal load acting upwards at Ke 
actions are as shown, and it is clear that corresponding bars 
side of the centre-line will carry equal but opposite loads. 
GA has a tension R";, GB will have a tension of — R";; — 
ompression of + 2"). Here again the number of statically = 
forces is two instead of four. If the load-systems 
1 (b) are superposed the result is 2W acting at D as 
10, and the original problem is thus reduced to the 


ee ae Fa Pm oe 
a | — - ~ 


i bot 
ae by 
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The saving in work is considerable even in the present simple 
case, but in a problem with a larger number of redundant bars the 
method enables solutions to be obtained which would otherwise be - 
impracticable. For example, twelve simultaneous equations would 
generally involve a prohibitive amount of work, and it is only in 
very exceptional circumstances that a solution would be attempted ; 
if, however, by the use of the Principle of Superposition they can be 
reduced to two independent sets of six each the problem, although 
still lengthy, is quite practicable. 

The example shown in Fig. 10 has been worked out by the straight- 
5 forward method and also by using superposed load-systems, and t he 
j ¥ 


oa 
solution of two pairs of two simultaneous equations instead of the 
solution of four simultaneous equations. 


 — 


working is given for the sake of comparison. 

Numerical values have been reduced to the simplest terms and 
are not intended to represent an actual case, as it is desirable in 
illustrating a method to keep the arithmetical work as easy as 
possible. | 


In each case equations are formed of the type 
OU _ PoL@Py _ 


&R AEAR™ 
where Po is the load in any member expressed in the form 
Po =aW +aR,+BR,+... +R, where a, a, BP...» aren 
numerical coefficients and R, ... Ry are redundant forces, L_ 
denoting the length of the member and 4 its cross-sectional area. 
The material used is supposed to be the same throughout. ra 

(1) First dealing with the problem straightforwardly, the necessary 
four simultaneous equations are formed, the work being set out in 


Table I. 
The equations obtained are 


The solution of these gives 


R, = — 0:59799W 
Ry = — 0-77006W 
z Ry = + 0-0143417 
+4 Ry = — 0-2264317, 


0 


___ + Fora detailed description of procedure reference may be made to ys 


r Pippard and J. F. Baker, “ Analysis of Engineering Structures,” p. 
_ London, 1936, yi 


hn 
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The negative signs denote that the forces are compressive. 


(2) Using the method of load-superposition, and dealing first 
with the case shown in Figs. 11 (a), the equations obtained are ; 


— 9W — 42R’, + 22k’, =0 
22R’, — 24R’, = 0 \ 
which give i 
R’, = — 0-41221W : 
R’, = — 0:37786W \ 
The detailed work is set out in Table IT. 


TABLE IT. 


CA 2 

DK 2 

cD 4 } 
DE 4 } 
AK 4 } 
KJ 4 } 
CK v2 2 
DA Vz 2 
DI V2 2 
KE v2 2 
4(EJ) | $(2) 1 


The skew-symmetrical case shown in Figs. 11 (6) yields the 
equations 
19k”, — 9R", =0 ) 
the solution being 


R", = — 0:39220W 


The numerical work is given in Table III. 
The redundant forces under the original loading are then 


R, = RY, + R", = — (0-41221 + 018578) W = — 0-59799W 
Ry = R’, + R"s = — (037786 + 0-39220)W = — 0-77006W 
Ry = R’, — R", = — (037786 — 0-39220)W = + 0-01434W 
Ry, = R, — R’, =—_— (0-41221 = 0:18578) W = 0:22643W 


R", = — 0-18578W \ 
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TasxE III. 
oa Nae p mance la ee EE 
P PoLOPo PoLOPo 
Viet OF AOR’; AOR’, 
WwW Reg Ra Ww |R’,| R’, | W| Ry |P’s 
2 1 1 3 
2 ] 1 4 
4 1 1 } 
4 1 = 1 oe! a 
4 1 4 1 Pee 
44,3 Pe ee 1|—$|4|-4|8|-3 
Jz | V2 —V/2 2 
Vz | vz| —4 | -v2 i\2 
V2 
V2 | V2 Ge V2 | —s/3 | -—1|2| —2]|1| —-2] 2 
V2 | V2 V3 | — Vf 2 2| —2 =f 


These results agree exactly with those obtained from the straight- 
forward solution, but the work involved is very considerably less. 

It should be noted that the calculations are only required for one- 
half of the truss under each of the two component systems. In the 
case of the skew-symmetrical loading the centre-post JE is un- 
_ stressed and presents no difficulty. In the case of the symmetrical 
loading, however, it is necessary to take a post of one-half the actual 
area carrying one-half the load when dealing with the half truss. 
This is indicated in Table I by the description 3 (EJ) in the first ‘ 


— column. 


MuutieLe LOADS ON A STRUCTURE. 


The cases illustrated have dealt either with continuous loading 
or with a single concentrated load. There is, however, no difficulty 
- in applying the same method to any load-system. 4 
In the case of a structure such as a beam, arch, or portal, it is only ‘” 
necessary to determine the reactions for a single point-load, since if 
he position of such a load is defined algebraically a general solution i 
ults which can be used to calculate the reactions for the component =— 
ds of the specified system. The sums of the reactions thus found 3 


“are the required values when the whole load-system is applied = 
simultaneously. This is, in fact, the simplest possible application — “hm 
Peng 


of the Principle of Superposition. ox 
In the case of a framed structure, however, this method is not ee 
generally practicable and the whole load-system must be treated 
ther. The method is best illustrated by an example. ie 


Z 


464 PIPPARD ON THE PRINCIPLE OF SUPERPOSITION. 


Suppose Figs. 12 (a) represents a structure loaded as shown, the 
loads 2W,, 2We, 2W 3 and 2W, being applied to the points 0, D, 
K and F respectively. This system is to be replaced by symmetrical 
and skew-symmetrical systems which, when superposed, give the 
original system. Let 0’, D’, E’ and F’ be the points corresponding to 
C, D, E and F on the other side of the centre-line of the truss. 


Figs. 12. 


Consider first the load 2W,. This is replaced by a pair of downward 
loads W, at C and C’ as shown in Figs, 12 (6),and by downward and 
upward loads W, at C and C’ respectively as shown in Figs. 12 (c). 
The other loads are dealt with similarly, and the two systems (b) and 


(c) result. The stress-analysis is then carried out as illustrated in the 
detailed case already given. 


The Paper is accompanied by three sheets of diagrams, from which 
the Figures in the text have been prepared. 
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Paper No. 5151. 


“The Water Supplies of Pahang.” 
By Epmunp Davin Kisste, M. Inst. C.E. 


(Ordered by the Council to be published in abstract form.) } 


_ Pauane is a tropical State with approximately the same area as 
- Wales, situated to the north of the equator and bounded on the 
east by the China Sea. The country is mainly mountainous and 
_ fairly well-drained by rivers and streams. Except in the hills, the 
_ temperature varies between a minimum of about 70°F. and a 
- maximum of about 90°F. The average rainfall is about 107 inches 
and the average relative humidity is about 80 per cent. 
The Paper describes the administration and control of water 
supplies by the Public Works and Medical Departments. The 
- original policy was to impound only clear mountain streams for 
‘water supply, whereas the present procedure is to utilize the nearest 
available constant supply. There are thirteen town and village 
_ supplies in Pahang, for which some figures of cost and consumption 
are given. ‘The supplies are divided into three main categories :— 


(1) From clear hill-streams without treatment. 
(2) From turbid hill-streams after treatment and filtration. 
(3) From polluted rivers after treatment, filtration and steriliza- 


tion. 


_ Typical examples are described in each category, reports of 
chemical examinations of raw and treated waters are given, and some 
- observations are made on the results of bacteriological examinations. 
Comparative abstracts of pumping and filtration costs, with notes 
- oncontrol of treatment and on chlorination, are added. 
‘The Author submits the following conclusions :— 

(1) Unless the cost of power is prohibitive, the best policy is to 
pump water from the nearest source where the quantity 
is sufficient at all seasons, and to obtain the required 
a quality by treatment. 


3 4 iL The 
Inst. C.E. 


fr 


MS. and drawings can be seen in the Institution Library—Sro. 
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(2) The ordinary civil engineer with general experience can 
obtain satisfactory results from rapid-filtration plants if 
he has acquired a working knowledge of the process of 
coagulation and of pH control. A specialized knowledge 
of the chemistry of water is not necessary, provided that 
the services of a competent chemical analyst are available 
for periodic examinations and for advice when required. 

(3) Coagulation before filtration is an essential part of a a 
filter plant. 

(4) Sterilization by means of chlorine gas is unsatisfactory in the 
case of small water supplies where the apparatus is not_ 
in continuous operation. 

(5) The covering of service reservoirs in the tropics is un- 
necessary, provided that they are situated in isolated 
positions with no direct risk of pollution from birds, 
animals, or wind-blown leaves. : 


The Paper is accompanied by six sheets of drawings descrip-§ 
tive of typical filtration plants and coagulating tanks, and by one 
map. 


Notz.—The Institution as a body is not responsible either for 
the statements made, or for the opinions expressed, in the Papers 
published. 
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ENGINEERING RESEARCH. 
THE INSTITUTION RESEARCH COMMITTEE. 


Committee on Soil Corrosion of Metals and Cement Products. 


” RererENce was made to the formation of this Committee in the 
_ December, 1936, Journal.t The Sub-Committee dealing with 
cement products has already drawn up a programme of research, and 
_ preliminary investigations in respect of suitable sites for field tests 
are now being carried out, as explained in the November, 1937, 
— Journal.? 
_ With regard to soil corrosion of metals, a considerable amount of 
research has been carried out abroad, particularly in America. The 
“Committee therefore decided that the first step was to collect and 
- make a study of existing information, and a Sub-Committee was 


formed for this purpose, consisting of :— 


W. H. Harrrerp, D.Met., F.R.S. (Chairman). 
J. C. Hupson, D.Sc. 
H. Moorz, C.B.E., D.Sc. 


This Sub-Committee prepared a valuable digest of existing knowledge 
and a comprehensive bibliography, and also indicated where further 
research was necessary. 
It was quite evident that variation in the nature and condition of 
- the soil was the predominating factor in determining corrosion. 
The variation in composition of ferrous metals, for example, is of 
- relatively minor importance. Before the question of experimental 
- work could be usefully considered, it was felt that preliminary 
~ consideration should be given to questions of environment generally. 
A Sub-Committee was accordingly appointed for this purpose, con- 
sisting of :— . 
«OF, BR. Davinsoy, O.M.G., M.Sc. (Chairman). 


AtrrEp Branpt, of the British Non-Ferrous Metals Researoh Association. 
E. M. Crowrser, D.Sc., F.LC., of the Rothamsted Experimental 


Station. . 
H. G. Divas, of the Geological Survey. 7 


J. C. Hupson, D.Sc., of the Tron and Steel Institute Research Committee. oa 
‘BM. Lana, DSc., of the Building Research Station. ; 

H. G. Taytor, M.Sc., of the Electrical Research Association. _— 

hehe) leat SOON cea ' ae 
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A questionnaire had previously been sent out seeking information 
in regard to soil corrosion due to the presence of sulphate s 
The information obtained is now being supplemented by means of 
further questionnaire directed to those areas where deterioration of — 
metals and concrete in the soil from causes other than sulphate salts 
might possibly be expected. The Institution will welcome any 
information on this point and a form of questionnaire will gladly be 
sent on request to anyone in a position to supply such data. 4 


RESEARCH WORK IN ENGINEERING AT THE 
UNIVERSITY OF LEEDS. 


The following notes refer to engineering research in the Depart 
ments of Civil, Mechanical and Electrical Engineering and t 
researches of engineering interest in the Departments of Fuel and 
Metallurgy and of Mining. 


Civil Engineering. 

During the last few years work has been conducted on the elastic 
and plastic strains in plain and reinforced-concrete beams and 
arches, the experiments on arches being pursued on three-hinged, 
two-hinged, and rigid arches, The distribution of horizontal 
vertical and shearing stresses has been observed along vertical 
sections of beams, and the influence of concentrated or point los din gs 
on these stress-distributions has been noted. The results obtained 1 
show that the stresses in the tension and compression reinforcement 
under working loads are in fair agreement with those calculated, 
whilst the stress induced in the shear reinforcement, whether in the 
form of vertical stirrups, inclined stirrups or bent-up rods, is rarely 
as much as 75 per cent. of that calculated. The type of shear 
reinforcement is found to have a marked influence on the magnitude _ 


1 R. H. Evans, “ Stresses in the Steel Reinforcement of Reinforced Concrete _ 
Structures.” The Structural Engineer, vol. 13 (1935), p. 354. Se 
“Strain and Stress Distribution in Concrete Beams.” The Engineer, 
vol. 159 (1935), p. 94. eS | 
“ Shear Stress Distribution in Reinforced Concrete Beams.” Engineer- 
ing, vol. 139 (1935), p. 158. if 
—— “Stresses in the Shear Reinforcement of Reinforced Concrete Beams.” 
Lngineering, vol. 142 (1936), p. 269. 
—— “Experiments with Cold-Worked Steel as Reinforcement.” Concrete 
and Constructional Engineering, vol. 32 (1937), p. 567. - j 
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of the deflexion. The neutral axis of zero strain in doubly-reinforced 
concrete beams! is found to fall appreciably during creep under 
sustained loads. 
_ A large amount of research has been carried out on the elasticity 
and plasticity of natural and artificial stones when subjected to both 
_ very low and high stresses, and it has been possible to explain the 
peculiarities in the values of the moduli of elasticity under small 
 stresses.2. Further work 3 on lateral strain in concrete and other 
building materials has indicated that Poisson's ratio usually becomes 
abnormal at stresses exceeding about 50 per cent. of the crushing 
- stress. 
More recently, experiments have been conducted on the influence 
of moulding pressure on the compressive strength of concrete. The 
initial water/cement ratio is of little significance when concrete is 
subjected to high pressures in a mould ; in fact, the very wet mixes 
gave the highest crushing strength.4 It is also found that with 
pressures above from 1} to 2 tons per square inch the aggregate is 
damaged and the crushing strength falls, especially with the driest 
mixes. Experiments are now in progress on vibration-, as compared 
with pressure-, moulding. 
Efforts to discover a fundamental invariable property, measurable 
at any time, in materials exhibiting both plastic and elastic strains 
have resulted in the isolation of a rate of strain 5 which has been 


termed “ short-range strain.” 


Mechanical Engineering. 
During the last few years the quantum specific heats derived from 


spectroscopic data for the gases present in the cylinder of an internal- 


~ combustion engine have been proved, by means of closed-vessel e 


1 R. H. Evans, ‘“‘ Experiments on Stress Distribution in Reinforced Concrete 


Beams.” The Structural Engineer, vol. 14 (1936), p. 118. 
4 “ Strain and Stress Distribution in Doubly Reinforced Concrete Beams.” 


| The Engineer, vol. 164 (1937), P. 335. i ) 
. " R. BL Evans and R. H. Wood, “ Modulus of Elasticity of Materials for 


- gmall Stresses.” Phil. Mag., 7th series, vol. 21 (1936), p- 65. a" 
3 ___ “Transverse Elasticity of Building Materials.” Engineering, vol. 


142 (1936), p. 409. 
Zz Aa etc Elasticity of Natural Stones.” . Proc. Leeds Phil. and Lit. 
; , vol. 3 (1937), p- 340. 

a = ete ee of Moulding Pressure on the Compressive Strength 
of Concrete.” Conerete and Constructional Engineering, vol. 32 (1937), P- 121. 

5 R. H. Evans, ‘“ The Elasticity and Plasticity of Rocks and Artificial Stone.” 


Leeds Phil. and Lit. Soc., vol. 3 (1936), p. 145. ‘ . Ee 


vol. xxii (1936), p. 513. rm; 
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explosion experiments,! to be of a good degree of accuracy up to FE 
temperature of 2,500° C. and are probably accurate up to at | . 
2,800° C. Those of H,O above 2,000°C. were a little doubtf ul, 
but it now seems probable from experiments in progress that they _ 
may be used without serious error. The ideal efficiencies of gas and 
petrol engines are being calculated upon the basis of these specific — 
heats, and a comparison is being made between them and actual 
measured efficiencies. It has been found necessary in calculating the 
ideal efficiencies to take into account the dissociations H,O Pui) 
+ tH, and H, 2 2H, as well as dissociations COs 2 CO + 40. and 
H, + CO, 2 CO + H,0. { 
Experiments have shown that that part of the heat-loss in high- 
speed petrol engines which affects the thermodynamic efficiency is 
far less than has hitherto been thought,® that as much as two-thirds 
of the heat which passes into the cooling water is given up during the 
violent rush of the exploded gases through the exhaust valve and. 
passages, and that the heat-loss during the explosion-expansion 
stroke in high-speed internal-combustion engines is unaffected by 
the turbulence resulting from rapid entry of the charge into the 
engine cylinder, this being of little significance compared with tu 
bulence set up during combustion. 4 
Experiments are in progress with the object of seeing whether t ne 
highest useful compression-ratio may be raised by design, and also 
whether it is possible to eliminate substantially the “ delay period’’. 
Flame-temperature measurements taken by means of fine platinum- 
wire thermometers have shown that a large amount of long-lived 
latent energy exists in flame gases, depending upon (i) the nature 
of the combustible gas, (ii) the nature of the diluent gases, and 
(iii) the instantaneous pressure in the flame-front.4 Small quan- 
tities of certain gases are found to decrease the amount of latent 


a 


1 Prof. W. T. David and A. 8. Leah, “ The Specific Heats of Gases at High 
Temperatures.” Phil. Mag., 7th series, vol. xviii (1934), p. 307. re 
* —— “The Specific Heats of Gases at High Temperatures.” The Enginee rs 
vol. elxii (1936), p. 675, } M 
* Prof. W. T. David, “The Distribution of Heat Losses in Petrol Engines.” 
The Engineer, vol. clxiii (1937), p. 164. ; i 
* W. T. David, W. Davies, and J. Jordan, “ Flame Temperatures.” Phil. 
_ Mag., 7th series, vol. xii (1931), p. 1043. ‘ =). 
W. T. David and J. Jordan, ‘“ Flame Temperatures in Methane-air 
_ Mixtures.” Jbid., vol. xviii (1934), p. 228. ; é 
W. T. David and A. 8. Leah, “ Latent Energy in Explosions.” J 


i 


Prof. W. T. David, “Latent Energy in Combustion.” Ibid., vol. xx 
(1937), p. 345. bea 
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energy very considerably. This appears to reside in some metastable 
__ state of the molecules formed during combustion in the flame-front, 
- and _experiments now in progress prove that the excess energy 
- in the metastable molecules is unloaded when they come into 

i contact with a surface. The latent energy in explosions and 
= in internal-combustion engines has been found to be markedly 
less than that in flames,! due to the fact that as flame travels 
outwards from the spark the instantaneous pressure in the flame- 
_ front increases. Much of the effectiveness of certain industrial 
ia processes is believed to be due to the potency of this latent energy. _ 


Electrical Engineering. 


A research is being made into the oscillations in iron-cored circuits, 
_ with special reference to transformer neutral-point oscillations. In 
F long ¢ransmission-schemes where line capacity plays an important 
"part, it is not uncommon to find that high voltages, accompanied by 
oscillations, make their appearance when one earth connexion only 
is made to the star-point of a transformer bank. These oscillations 
"have their origin in the variable inductance of the transformer cores, 
- leading to resonance effects in conjunction with the line capacity. 
The object of this research is to study the conditions which lead to 
such phenomena. Oscillograms have been obtained for a variety of 
combinations of inductance and capacity. Peak voltages have also 
been measured and a theory has been evolved which may be applied 
to various circuit arrangements. 
An experimental study is being made of stability in transmission 
schemes. A mathematical analysis of the dynamic conditions 
producing instability, when synchronous machines are joined by a 
~ network, is possible for two machines and a simple network, but the 
calculation, which must proceed by a step-by-step method, is 
laborious. Previous investigators of this problem have used purely 
_ mechanical apparatus, following the same differential equations as 
_ those governing the action of the electrical machines. The present 
- research is concerned with the setting-up of a system containing small 
- generators connected by a model network. The constants of the 
_ generators are measured and compared with those of actual machines. 


ae 


ee Ww. T. David and A. 8. Leah, “ Latent Energy in Explosions.” Ibid., 


‘yol. xxii (1936), p. 513. 
Prof. W. T. David, “Com 
|. exliv (1937), p. 531. 


bustion Levels in Flame Gases.” Engineering, 
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Electrical measurements with the oscillograph are made on the 
connecting network when sudden increments of load are applied, 
and under other transient conditions. The oscillations of the — 
machines are measured simultaneously. The work is directed 
principally towards the perfecting of this technique. 

A research is also in progress on the mechanism of thyratron- — 
striking. Empirical development of gas-filled triodes has run ahead _ 
of any theory as to their operation. Experiments are in progress to — 
test a tentative theory which was put forward by Wheatcroft 1 and — 
has been given prima facie proof by earlier tests. The technique is 
directed to the measurement of pre-striking currents, and so to the 
analysis of the internal ionizing conditions. 


| 


Fuel and Metallurgy. 


For many years research into problems connected with gas have 
been carried out under the Joint Research Committee of the Institu 
tion of Gas Engineers and Leeds University. The present work — 
consists of an investigation of the use of oxygen and high pressure in 

‘| 
i 


4 
Wj 
. 
fi 
5 
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producing complete gasification. By the use of oxygen in place of 
air dilution with nitrogen is avoided. The process has been divided — 
into two stages: (1) experiments at atmospheric pressure in which 
coal or coke is burned in a mixture of steam and oxygen to produce 
a gas consisting of varying proportions of hydrogen, carbon monoxide 
and carbon dioxide, and (2) the synthesis of gaseous hydro-carbons 
by the heating of coke at high pressure. It is found that when heated _ 
under pressure in an atmosphere of hydrogen or of hydrogen and — 
carbon monoxide the yield of gaseous hydrocarbons is considerably 
higher than can be produced in an atmosphere of nitrogen. In the 
practical application of this research the first and second stage would 
probably be combined into a single process, but it is advantageous 
that they should be studied separately. 

A general study is being made of the corrosion of metals by flue- 
gases. In one research the composition of the gas is varied, the same 
metal being used throughout, and a complementary research is being 
carried out into the scaling properties of special steels and non- 
ferrous metals in furnace-atmospheres. The scaling is being studied at 
temperatures of 650° C., and of from 1,000° C. to 1,400° C. Research 
is also being carried out on the effect of the corrosive properties of 
the condensate produced from the products of combustion of coal 
gas, The worst conditions of corrosion obtain in a flue in which the 
upper end is cooled, so that the vapour from the flue-gas condenses, _ 


\ 


LS 


* Proc. Leeds Phil. and Lit. Soc., vol. 3 (1937), p. 396, 
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the products of combustion. Such attack is being studied with 
_ small-scale flues composed of various ferrous metals. Investigations 
E. on the control of viscosity of tars may have an important influence 
4 on the production of road-binders. 
4s 


— Mining. 


The Shotfiring Sub-Committee of the Explosives in Mines Research 
Committee is carrying out at the University of Leeds a research 
"programme dealing with the use of explosives underground. 
The present series of experiments relate to the firing of shots 
simultaneously and to methods avoiding the disadvantages which 
have caused the legislature to prohibit simultaneous shotfiring 
except in certain specified instances. This work has entailed detailed 
_ examination of shotfiring practice and the carrying out of experiments 
in many coalfields. The question of the elimination of misfired shots 
has been studied, and the detailed examination of detonators in the 
field and in the laboratory has been a feature of the work. 
Research has been carried out with regard to stemming materials 
used in shotfiring practice, and it has been found that certain sand- 
_ clay stemming mixtures are the best, both from the point of view of 
safety and of economy. 
The study of shotfiring practice is being extended by the use of 
apparatus to enable shots to be fired safely from power mains, which 
_ practice is not generally permitted under the provision of the Coal 


Mines Act. 


_ The foregoing researches are being carried out under the direction 
__ of Professor W. T. David, M.A., Sc.D., D.Sc., Professor of Civil and 
Mechanical Engineering; Mr. R. H. Evans, Ph.D., M.Sc., Lecturer 
in Civil Engineering ; Professor E. L. E. Wheatcroft, M.A., Professor : 
of Electrical Engineering and Dean of the Faculty of Technology ; 
~ Professor J. W. Cobb, C.B.E., B.Sc., Professor of Fuel and Metallurgy ; 
and Professor F. 8. Atkinson, M.Eng., Professor of Mining. 
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REPORT OF THE ROAD RESEARCH BOARD FOR © 
THE YEAR ENDED 3lst MARCH, 1937.* 


In the recently-published report of the Road Research Board, it 
is noted that close co-operation has been maintained with the Ministry 
of Transport, with the result that it has been possible to arrange 
facilities for the Laboratory results to be checked by practical tests 
as soon as possible. An investigation into the use of asphalt and 
bitumen in roads has been begun in co-operation with the Asphalt 
Roads Association, and will be on the same lines as the research 
already in hand on the use of tar. An investigation has also been’ 
commenced for the Rubber Growers’ Association on the possibility ' 
of improving the quality of bitumen and tar for road surfaces by 
the addition of rubber. Certain researches previously carried out 
for the Road Research Board at the Building Research Station 
have now been started at the Road Research Laboratory ; these 
include work on soil-mechanics, grading of aggregates, workability 
of concrete and the design of concrete road-slabs. The need 1 
correlate investigations of road materials made with the special 
road-machine with the performance of the materials in practice, 
has led to the laying down of a large number of different types of 
road surfaces on the Colnbrook by-pass, where they can be con- 
veniently kept under observation and compared with road-machine 
tests on similar surfaces at the Laboratory. Extended use is being 
made of the aggregate vibrator which was developed for proportion- 
ing the water/cement ratio of concrete in such a way as to obtain 
high uniform quality, and arrangements have been made with the 
County Engineer for practical trials on a large scale in Surrey. 
Road Research Bulletins Nos. 1 and 2 and Technical Papers Nos. 1 
and 4 * have been published, dealing with the resistance to skidding, 
the control of concrete-quality, and the shape of aggregates. he. 

Advantage was taken of an exceptional number of failures in 
embankments and cuttings to make examinations of the stabilit 
slopes. It has to a large extent been possible to explain the failures 
by laboratory analyses of soil samples and the application of soil- 
mechanics. ; 
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_ workability depends very little on the aggregate grading, but as the 
- cement-content is decreased the grading becomes increasingly 
— important. 

| In research on bituminous materials difficulties in obtaining 
_ reproducible results to a sufficient degree of accuracy have been 
overcome and a fundamental research is being carried out into the 
properties of the materials, particular attention being paid to the 
hardening which takes place with age. 

j A fundamental study has been made of the mode of failure of road 
~ surfaces, where the duration of the stresses involved is of the order 
_ of zdssecond. Itis hoped to link up this work with a complementary 
_ study at the National Physical Laboratory of impact-forces imposed 
_ by vehicles. A parallel work for which arrangements are being 
made is a laboratory examination of the behaviour of the materials 
under transitory stresses. 

In the study of skidding the sideways-force coefficient is not in 
- general a constant, but with most surfaces tends to fall with speed 
and to reach a steady value at between 30 and 50 miles per hour. In 
others, however, a continuous reduction of coefficient has been found, 
and tests are therefore being arranged for even higher speeds. Sur- 
 face-texture prints of the tire of a car on the road have been found 
"capable of yielding information regarding the extent and nature of 
the contact between tire and road, and its variation with time, and 
they may possibly throw light on the sideways-force coefficient. A 
_ profilometer has been developed for the study of road-surface irregu- 
larities. The total upward vertical movement of a recording wheel, 
_ integrated and expressed as inches per mile, forms a useful index of 
the condition of the road. Thus the best roads show a movement of 
_ 75 to 85 inches per mile and a badly pot-holed road may give a 
figure of up to 800 inches per mile. 


NOTES ON RESEARCH PUBLICATIONS. 


a Commencing with this number references to research publications 
_ will be tabulated according to the following scheme, sections | to 4 
of which conform to the new series of “ Engineering Abstracts ” 
_ starting in January, 1938 :-— 
-1.—Engineering Construction. 

(1) Surveying. 

(2) Engineering Physics. 
(3) Operations and Methods. Pa” 
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(4) Structures :— 
(a) Earthworks, Foundations, etc. 
(b) Dams, Retaining Walls, etc. 
(c) Capacity Structures. 
(d) Bridges, Arches, Roofs, Hangars, etc. 
(e) Tunnels. 
(f) Buildings. 

(5) Railways (excluding Rolling-Stock). 

(6) Docks, Harbours, Canals (including the constructional — 
aspect of Irrigation and Drainage), Rivers, and Coastal — 
Works. 

(7) Water Engineering :— 

(a) Supply ; 
(b) Power. 


ee eye 


‘ 
2.—Mechanical Engineering. : 

(1) Prime Movers. ; 

(2) Transmission and Conversion of Power. 

(3) Applications of Power. 

(4) Measuring Instruments. 

(5) Processes. 

(6) Lubrication. 

(7) Miscellaneous. 
3.—Shipbuilding and Marine Engineering. 
4.—Mining Engineering. 

(1) Mine Plans (Surveys, Subsidence, Drainage). 

(2) Methods of Working. 

(3) Explosives. 

(4) Mine Ventilation. 

(5) Boring and Sinking (inclusive of Oil), 

(6) Winding and Hauling Machinery. 

(7) Preparation of Coal and Minerals for Market. 

(8) Coking and By-Products. 

(9) Research, 

(10) Electricity as applied to Mining. 


5.—EHlectrical Engineering. 


6.—Other branches of Engineering :— 
Aeronautical. 
Automobile. 
Illuminating, Heating, Ventilating, and Acoustic. 
Chemical. 
Miscellaneous. 
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7.—Engineering Materials. 


8.—Miscellaneous. 


1. ENGINEERING CoNSTRUCTION. 


3 
— 


oil (2) Engineering Physics. 

: (a) Elasticity and other mechanical properties. 

The grain-like structure of solids, Nature, 140, 954. Presidential 

4 address to the Royal Society. 

' * The torsion of conical shells, Proc. Roy. Soc., Series A, 163, 337. 

Elasticity, plasticity, and structure of matter: R. Houwink, Cam- 
bridge University Press, 1937. 

Graphical computation of stresses from strain data, U.S. Nat. Bur. 


gy Standards J. Research, 19, 437. 
_ On the creep of solids at elevated temperature, Physics, 8, 418. 


x (c) Mechanics of fluids. 

= *The flow of water in short channels, J. Inst. C.E., December, 
: 1937, p. 287. General consideration of non-uniform flow. 

_ *Laboratory investigation on flume traction and transportation, 
Proc. Am. Soc. C.E., 68, 1701. Research at Manchester University 


on the stability of a bed of sand. 
_ Experimental fluid mechanics, Comptes Rendus, 205, 956. 


— (4) Structures. 
(a) Earthworks, Foundations, etc. 


_ Pressures beneath a spread foundation, 
A graphical construction. 

The behaviour of piles in cohesive soils, 
Rev., 32, 251. 


Proc. Am. Soc. C.E., 68, 669. 


Civ. Eng. Public Works 


(b) Dams, Retaining-walls, ete. 
Investigation of the temperature-distribution in bodies with internal 
heat sources, with special reference to large concrete masses. 
Ff. Kornfeld, Hidgendssische Technische Hochschule, Zurich. 


4 : (Thesis for doctorate of tech. science.) 


‘The figure in heavy type is the number of the Volume ; that in brackets the 
number of the Part ; and that in italic type the number of the Page. 
--* Where it is known that a reference will appear in abstract form in an 

early issue of «Engineering Abstracts » this fact is indicated by an asterisk. — 
_ Where the abstract has already appeared, a reference will be given. ; 
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(c) Capacity Structures. a) 


Impermeability of concrete and brick structures, Ciment Armé, J [: 
90. Consideration of integral and surface water-proofers. 


(d) Bridges, Arches, Roofs, Hangars, ete. 7 
Distribution of wheel-loads and design of reinforced-concrete bridge 
floor slabs, Public Roads, 18, 149. 
Thin walls—vaults—shells : L. I. Pilarski, Paris, 1937 (Dunod), 
(f) Buildings. . 
Why clean stone by chemical methods and not by the sand-blast 2 
Bautenschutz, 8, 93. tz! 
The behaviour of unprotected and protected wood in fires, Feue 
schutz, 17, 137. - 
Report of the Committee on Protection of Openings in Walls and 
Partitions against Fire, Nat. Fire Protection Assoc., Adv. Pubn., 
Boston, Mass., 1937. 4 
1937 National Electrical Code. Regulations for electric wiring and 
apparatus as recommended by the National Fire Protection 
Association, National Board of Fire Underwriters, New York, 1937. 
Rigid damp-proof courses in brickwork, Building, 12, 264, 4 
Earthquake-resistant reinforced brick masonry as a_ structural 
Material, Brick & Clay Record, 90, 323. 


(5) Railways (excluding rolling stock), Roads. 


* Testing welded joints of bull-headed rails having butt covers. 
shrunk on to the bottom flanges, Organ Fortschritte Eisenbahn. 92, 


; 


7 
| 
i 
| 
92, 


407. 


Report for 1936-37 of the Experimental Work on Highways 
(Technical) Committee, Ministry of Transport. m 
Report of Project Committee on Distortion of Pavements, Highway 
Research Board, Proc. 16th Annual Meeting, 1936, p. 220, j 
Road Construction, J. Inst. Municipal & County E., 114, 925. 
Some problems in connexion with modern 
tion, Chemistry & Industry, 56, 1065. \ 
Roads and public health, J. Roy. Sanitary Inst. 58,4038, 
The use of limestone for roadmaking, Inst. Highway Engineers, Bull. 
No. 8 (Supp.), Nov., 1937. a 
Tests with bituminous fillin 
Bitumen, 2 (1) 7. 


Concrete road construction in Germany, Deutscher Zement-B 
Berlin, 1937. +5 


Publications of the Main Committee of the Asphalt & Tar Rese 
Centre, Berlin, 1937. Resea 


roads and road construc- 


g compositions for joints in concrete, 
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(6) Docks, Harbours, Canals (including the constructional aspect of 
Irrigation and Drainage), Rivers, Coastal Works. 


* Dover train-ferry dock, J. Inst. O.H., Dec. 1937, p. 225. 
- Grass planting as a means of tidal land reclamation, J. Inst. Roy. E., 


51, 609. 
- *Magnitude and frequency of floods on Illinois streams, Univ. 


Illinois Eng. Expt. Stn. Bull., 296. 


(7) Water Engineering. 
(a) Supply. 
- * Reduction of noise transmitted along water-pipes, Engineering, 


S 144, 612. 
* Automatic sea-water regeneration, zeolite water-softening plant 
at Sarasota, Florida, J. Am. Waterworks Assoc., 29, 1712. 


(8) Sanitary Engineering. 


The effect of the form of cross-section on the capacity and cost of 
trunk sewers, J. Inst. C.H., December, 1937, p. 261. 


(9) Miscellaneous. 


* Developments in engineering associated with rubber, Engineering, 


144, 445, 559. 


2. MecHanicAL ENGINEERING. 


(1) Prime Movers. 
* Measurement of the total radiation of steam and carbo 
in admixture with non-radiating gases at temperatures of up to 


1,300° C., Forschungsheft 387. 
%* Pulverized-fuel firing without a pulverizer, 


n dioxide 


Inst. Production E., 


16, 579. 

* Performance of single-stage steam-jet-operated ejectors, Engineer, 
164, 650. 

in pipe-lines, Forschung 


* Design of resonator sound-dampers 
Gebiete Ing., 8, 305. 

* The balanced support 0 
144, 637. 


f high-temperature pipe-lines, Engineering, 


“> ee 
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* Nitrogen oxides in internal-combustion engine gases, Proc. Roy. 
Soc., Series A, 168, 90. i 
Electrical character of the spark discharge of automotive ignition — 
systems, U.S. Nat. Bur. Standards J. Research, 19, 401. J 
* Tests on the two-stroke Diesel engine, Forschung Gebiete Ing., 8, 


265, 

\. * Ignition and combustion processes in the Diesel motor wv th 
: A turbulence-chamber and air-storage, Forschung Gebiete Ing., 8, 279. 
. Compression-ignition engine development, J. Junior Inst. Engineers, 
; 48, 93. b) 
1 * Effect of gas inertia upon internal-combustion engine output, 

Forschung Gebiete Ing., 8, 285. _ a 
* Combustion-efficiencies of gas and oil engines, J. Inst. C.E., 
_ December 1937, p. 166. et 


* Graphical determination of rectification-column efficiency, Forsch- 
ung Gebiete Ing., 8, 295. ; 


(2) Transmission and Conversion of Power. . 


Journal-bearing design as related to maximum loads, speeds, an d 
operating temperatures, U.S. Nat. Bur. Standards J. Research, 
19, 457. bs 


a 
(3) Applications of Power. cs 
-* Rolling stock, J. Inst. Locomotive E., 27, 586. Presidential address, 
\ a 
(5) Processes. 


_*Tron and copper pipe working, J. Inst. Locomotive E., 27, 626, 

* Deep drawing of brass sheet, Maschinenbau, 16, 565. 

“Shrinkage stresses in welding, Am. Weld. Soc. 16 (1) Research 
Suppt. 2. sae 


- 
3. SHIPBUILDING AND MARINE ENGINEERING. 


Some operating results of Diesel-electric propulsion, Trans. Inst. 


_ Marine E., 49 (10), 191, oe ke ty 
The transatlantic liner of the future, Trans. Inst. Marine E., 49, 
- Part 12, 1. fy 49, 


es . ave : . a r iad 3 
ah ° increase in frictional resistance due to the action of water on 
bottom paint, J. Am. Soc. Naval E., 49, 585, * ian 
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4, MINING. 


3 
3 
c 


A 
, 

i: 

aN 


* The dispersability of mine dust, J. Inst. Mining E., 94, 140. 
-*The efficiency of incombustible dust in the prevention of coal 
dust explosions, J. Inst. Mining E., 94, 171. 

i * The prevention of silicosis, Quarry, 42, 294. 
zs 


5, ELecrricaAL ENGINEERING. 


| (1) Generation, Distribution, Machines. 
Fundamental electrical measurements, J. Inst. Elec. E., 81, 601. 


The effect of change of temperature on the strength of permanent 
magnets, with special reference to modern magnet steels, J. Inst. 

= lec. H., 81, 727. 

_ Thermal fluctuations in complex networks, J. Inst. Elec. E., 81, 751. 

_ The pressure due to corona in a closed space, J. Franklin Institute, 

—s- 224, 603. 

_ Theory of the working diagram of the single-phase induction motor, 

Kgl. Norske Videnskabers Selskabs Skrifter 1937 Nr. 1. 

_ * Regeneration of transformer oils, Rev. Gén. Elec., 42, 675. 

 *Control of electric braking in high-speed motor-coaches, Elek. 


Bahnen, 18, 240. 


(2) Telegraphy, Telephony, Television. 
An aperiodic amplifier for investigating the wave-form of atmos- 
_ pherics, Proc. Phys. Soc., 49, 654. 
Applications of the modulating electrode of television cathode-ray 
“tubes in investigations of the wave-form of atmospherics, Proc. 
Phys. Soc., 49, 658. 
The electrical resistance of ferroma 
_ The reception of decimetre waves, 
—— akustik, 50, 149. 
_ Amplification and _ self- 
circuits with grid control, Ho 
50, 158. 
w investigations of the Flatter-effect, Hochfrequenztechnik und 
Elektroakustik, 50, 166. 


gnetics, Proc. Phys. Soc., 49, 671, 
Hochfrequenatechnik und Elektro- 


excitation of decimetre-waves in normal 
chfrequenatechnik und Elektroakustik, 


_ Presidential Address, Trans. Illuminating Engineering Soc. (Le 01 


“ 
o> = 


482 ENGINEERING RESEARCH. = 


6. Orner BRANCHES OF ENGINEERING. 


(1) Aeronautical. 


The natural limits to human flight, J. Roy. Aer. Soc., 41, 1095 
Presidential address. 
Turbulence—Von Karman, J. Roy. Aer. Soc., 41, 1109. t= 
Pin-jointed struts, J. Roy. Aer. Soc., 41, 1163. 
Study of transparent plastics for use on aircraft, U.S. Nat. Bur. 
Standards J. Research, 19, 367. 
Aeronautical Research Committee Reports & Memoranda :— ' 
Measurements of the water resistance of a 1/2-4-scale Singa- 
pore II. c¢ Hull, No. 1781. 
Tests of the N.A.C.A. 11-A model hull in the R.A.E. scape = 
tank, No. 1784. 
Reports of the U.S. Nat. Advisory Committee for Aeronautics : 
Torsion tests of tubes, No. 601. 
Wind-tunnel and flight tests of slot-lip ailerons, No. 602. . 
Pressure-distribution measurements at large angles of pitch on 
fins of different span/chord ratio on a 1/40-scale model of the 
US. Airship “ Akron’, No. 604. 
Spinning characteristics of the XN2Y-1 airplane obtained from 
the spinning balance and compared with results from the 
_ spinning tunnel and from flight tests, No. 607. os 
Tests of related forward-camber airfoils in the variable density 
wind-tunnel, No. 610. 
Wind-tunnel investigation of tapered wings with ordinary ailerons 
and partial-span split flaps, No. 611. 


‘ 
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@) Automobile. 
* Transmission gear developments and the possibilities of simplified 
controls, J. Inst. Auto. E., 6 (3) 68. 23 
* Steering problems and layout, J. Inst. Auto. E., 6 (3) 104. iy 
* A new suspension, Auto. Engineer, 27, 451. ‘a 


* Power-loss in gas-driven automobile engines, Ver. deu. Ing., 81 81 
1357, 4 


(3) Illuminating, Heating, Ventilating, and Acoustic. 


2 (11) 145, 

Presidential Address, Trans. Illuminating Engineerin Soc. (. Vew 
— York), 82, 871. 1 <8 alta ta ae 
Acoustics, J. Inst. Roy. E., 51, 583. 
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q ‘he prevention of noise in buildings, J. Roy. Inst. British Architects, 
45, 117. 

4 Theory and use of architectural acoustical materials. Sound absorp- 
tion coefficients, Acoustical Materials Assoc., Bull. No. 5, Chicago, 
1937, 
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7. ENGINEERING MATERIALS. 


| (2) Stone, Bricks, Cement Products. 


_ The testing of pitching and broken stone, Wegen, 12, 509. 

Experimental and theoretical investigations on dispersion and 

absorption of elastic waves, Beitr. zur Geophystk, 49, 165. Investi- 

gation of the elastic contents of sedimentary rocks. 

_ Estimation of the weathering of natural stone by the standards of 
the German Association for Testing Technical Materials, Stein, 382, - 
he O10. 

On the present knowledge of stone weathering and measures of ‘a 

_ prevention, Zeit. Oest. Ing. Architekt. Ver., 89, 253. oy 

On the influence of the frost test on the strength of bricks, Ton- 

Industrie Zeitung, 61, 577. 

Bricks of glass, Building, 12, 294. 

Results of recent cement research and their partial application, J. 

Franklin Institute, 224 (1) 1. Hydration, heat-generation and 

_ strength properties of the major constituents of Portland cement. 

A new method of accelerated determination of the activity of 

cements, Tsement, 5 (4) 51. 

ectangular concrete sections under torsion, J. Am. Concrete Inst. 

, ) 1. 3 

On the question of standardization and testing of hard concrete, 

Beton Stein Zeit., 8, 165. Durability of cement mortar containing 

d aggregate such as silicon carbide, applied to concrete surfaces. 

The sre-determination of concrete strength on the site, Oesterreich- 

 ischer Eisenbeton-Ausschuss, Mitteilungen iver Versuche, Vienna 

“ _ Effect of water/cement ratio and grading. , 
tson shrinkage of concrete, Civ. Eng. Public Works Rev., 82, 264. 

ferioration of concrete in normal service, Bull. No. 5, Depart- — 

of Civil Eng., Columbia Univ., New York, 1937. A 


eh metals, Engineering Journal, Canada, 20, 799. 
ork on the corrodibility of cast corrosion-resistant —__ 
d nitric acid, J. Am. Soc. Naval E., 49, 566. 
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(4) Other Materials. 


Fundamental conceptions of glass corrosion, Verre et Silica 
Industriels, 8, 185. 

The use of the A.S.T.M. Penetration equipment for estimating thi 
viscosities of materials of high consistency, Physics, 8, 492. 

Mechanical properties of powders : (a) Influence of capillary press 
on drying of clay ; (6) Relationship of the mechanical properti 
of clay to its state of aggregation ; (c) Effect of moisture on th 
mechanical properties of clay paste, Kolloidnyi Zhurnal, 2, £17. 
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_ #H.E. MARCHESE GUGLIELMO MARCONI, G.C.V.0., DSc., 
j LL.D., Honorary Member, was born at Bologna on the 25th April, 
_ 1874, the second son of Giuseppe Marconi, an Italian country 
gentleman, his mother being a daughter of Mr. Andrew Jameson, of 
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: 1937. He was educated at Leghorn and at the University of 

: Bologna. In 1895 he conceived the idea that a system of telegraphy 

4 through space could be provided by means of electric waves, the 

existence of which had been foreseen mathematically by Clerk 

Maxwell in 1864, and later investigated experimentally by Hertz, 

Oliver Lodge, Righi, and others. Although not the discoverer of 

electric waves, it is due to the genius and perseverance of Marconi 

more than of any other worker that this method is now one of 

the most important means by which communications are sent by 

telegraph and telephone to all parts of the earth. 

After conducting a number of experiments at his father’s country 
house near Bologna, he came to England in 1896, where he demon- 
strated his invention before officers of the Post Office and Foreign 
Government Departments, and was fortunate to enlist the interest 
of Sir William Preece, the Engineer-in-Chief of the Post Office, who 
gave him substantial assistance. Successful tests between St. 
__ Martin’s-le-Grand and the Thames Embankment were followed by 
transmission for a distance of 4 miles across Salisbury Plain, and in 
1897 he effected communication across the Bristol Channel, nearly 
~ 9miles. In demonstrations carried out for the Italian Government 
in the same year, at Spezia, signals were sent for a distance of 12 
miles. Wireless telegraphy was first used for commercial purposes 
in 1898, when the Kingstown Regatta races were reported by 
_ Marconi-by means of wireless apparatus installed on a tug which 
2. _ followed the yachts on the Irish Sea. In the same year permanent 
stations were erected near the Needles, in the Isle of Wight, and at 
Bournemouth, and it was this method that was also successfully 
_ used for sending messages between South Foreland lighthouse and 
_ East Goodwin lightship, this installation being the means, during the 
2 years it was in operation, of saving several vessels and a number of 
lives. In March, 1898, Marconi established communication by 
_ wireless across the English Channel, between England and France, 
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whilst in 1901 he succeeded in transmitting and receiving signals — 
from the long-distance wireless telegraph station at Poldhu, in Corn- 
wall, to St. John’s, Newfoundland. In 1905 he took out his patents — 
for the horizontal directional aerial, which marked an advance in the _ 
design of long-distance stations. In 1907 a limited service of press _ 
messages was inaugurated between Clifden in Ireland and Glace 
Bay in Canada, ordinary traffic being accepted a little later. 
Although in the earliest experiments comparatively short waves 
had been employed, it had come to be generally accepted that for 
long-distance transmission long waves were essential, and accordingly _ 
wave-lengths measured in thousands or tens of thousands of metres — 
were adopted for stations with any considerable range of working 
About 1916 Marconi turned his attention in the opposite direction, 
to wave-lengths measured in tens of metres, and the practical 
outcome of this work was that the British Government accepted his | 
company’s proposals to employ the short-wave beam system for _ 
Imperial communications and to build stations capable of working _ 
with Canada, South Africa, India, and Australia. Later, about 
1931, Marconi started a systematic investigation of the properties and 
characteristics of still shorter waves, of less than one metre in length, 
and the results so far obtained from his experiments appear to 
justify his confidence in the practicability of their use. . 
The value of Marconi’s work has been recognized by Governments, 
universities, and learned societies all over the world. Amongst the 
many scientific awards granted to him may be mentioned the Nobel 
Prize for Physics in 1909, the Albert Medal of the Royal Society of 
Arts, the Franklin Medal, the John Fritz Medal, and the John Scott 
Medal, awarded him in the United States for “the invention of 
wireless telegraphy.” His academic distinctions included honorary 
degrees from Oxford, Cambridge, Aberdeen, Glasgow, and Liverpool, 
and the Rectorship of St. Andrews. He delivered the James Forrest 
Lecture at The Institution of Civil Engineers in 1926, having been 
made an Honorary Member of The Institution in 1925. He was also 
awarded the Kelvin Medal in 1932. He was an honorary Grand Cross 
of the Royal Victorian Order, whilst in Italy he was a Grand Officer 
of the Order of St. Maurice and St. Lazarus and a Chevalier of the 
Civil Order of Savoy, and also held the Grand Cross of the Order 
of the Crown of Italy. He was also a Senator of the Kingdom of 
Italy, a Member of the Grand Council of the Fascisti, President of 
the Royal Academy of Italy and President of the Research Council, 
and received the hereditary title of Marchese in 1929. Brazil, China, 
Japan, Russia and Spain were other countries which conferred high 
distinctions on him. i 
He married in 1905 the Hon. Beatrice O’Brien, daughter of the 


t 


oe 

4 

_ late Lord Inchiquin, by whom he had one son and two daughters. 
i: In 1927 he married, as his second wife, the Countess Bezzi-Scali of 
_ Rome, by whom he had one daughter. 
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The Right Hon. Lord RUTHERFORD, 0.M., D.Sc., F.RS., 
_ Honorary Member, was the son of Mr. James Rutherford, and was 
born at Brightwater, near Nelson, New Zealand, on the 30th August, 
e 1871; he died in Cambridge on the 19th October, 1937. His 
early education was received at a school near Brightwater, 
at which he won a scholarship taking him to the secondary school 
at Nelson. Another scholarship enabled him to enter Canter- 
a bury College, Christchurch, where in 1893 he was awarded the M.A. 
degree with first-class honours in mathematics and physics; in 
- 1894 he was awarded the degree of B.Sc. and an 1851 Exhibition 
scholarship, which enabled him to enter Trinity College, Cambridge, 
to work under Sir Joseph Thomson. He had already constructed a 

_ wave-detector based on the effect of oscillating currents upon a 
 highly-magnetized needle, and he continued this work at Cambridge. 
Sir Joseph Thomson was at that time engaged at the Cavendish 
laboratory on research on the ionization of gases, and Rutherford 
gave him considerable assistance ; the work led Rutherford to a 


= 


series of researches on radio-activity which had a revolutionary 
effect on scientific thought. He had been appointed to the Macdonald 
‘Chair of Physics at McGill University, Montreal, in 1898, and the 
greater part of these earlier researches were carried out there. In 
1901 he was awarded the degree of D.Sc. by the University of New 
Zealand, and subsequently received honorary degrees from many 
Universities throughout the world. In 1907 he accepted the Lang- 
worthy Chair of Physics at the University of Manchester, and there 
he carried on his researches into radio-activity and established the 
existence of the atomic nucleus. Finally, in 1919 he returned to 
- Cambridge to fill the Cavendish Professorship, previously held by 
_ Sir Joseph Thomson, and thenceforward his research was mainly 
devoted to the study of the atomic nucleus. - 

_ His contribution to physical science included two hypotheses of g 
_ great importance, together with the experimental work by which he ~ BE 
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established their truth. The first assumption was that a nati ura 
transmutation of the elements was constantly taking place, and he 
showed that the observed effects of radio-activity were a consequence - 
of the disintegration of the atom, which postulated a transmutation _ 
of the elements. The second hypothesis was that atoms themselves — 
resembled solar systems, the central sun being represented by ; 
positive nucleus in the atom, and the planets being represented by 
negative electrons revolving around the nucleus in orbits. This 
hypothesis was also proved by experimental work. He found that 
atoms could in some cases be split by bombarding them with the — 
helium atoms resulting from the radio-active process, and in recent 
years many elements have been artificially disintegrated by the 
agency of various forms of radiation. 
He was knighted in 1914, and was created Baron Rutherford of 
Nelson in 1931. He received the Nobel prize for chemistry in 1908, 
and the Royal Society awarded him the Rumford medal in 1905 and 
the Copley medal in 1922. He received the Franklin medal of the 
Franklin Institute in 1924, and the Faraday medal of the Institution - 
of Electrical Engineers in 1930. His services to science and the 
State were recognized in 1925 when the Order of Merit was conferred 
on him. He was president of the British Association in 1923, and 
of the Royal Society from 1925 to 1930. In 1927 he succeeded Sir 
Joseph Thomson as Professor of Natural Philosophy at the Royal 
Institution. He was elected an Honorary Member of The Institution 
on the 24th April, 1928. i 
He married in 1900 Mary, only daughter of Mr. Arthur Newton, of 
Christchurch, New Zealand, who survives him, and by whom he had 
one daughter, now deceased. 
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PART I: REPORT OF THE RESEARCH COMMITTEE. — 


In February, 1935, the Council of the Institution of Civil Engineers 
decided on a more active policy in regard to Engineering Research 
and to this end they constituted the Research Committee as an 
Institution committee with wide terms of reference. 2 
_ In the past, the policy of The Institution in carrying out the 
principal object of the Charter, namely, the general advancement of _ 
Mechanical Science, has been to rely mainly on the recording, dis- 
cussion, and publication of the results of the work of individual 
members. From time to time specific problems have been investi: 
gated by committees appointed specially for each case and by the 
allotment of Institution funds. Notable cases of this kind were the 
Heat Engine Trials Committee appointed in 1903, the Committee on 
Reinforced Concrete in 1908, and in more recent years the Sea- 
Action Committee, the Committee on Floods, and the Committee ox 
Compressed Air Working, whose work produced results of great. 
importance. The growth in scientific knowledge and in the size 
and complexity of the problems which confront the civil engineer, — 
no less than the great changes which have taken place in the 
character of the materials with which he has to work, has brought 
about a realization of the necessity for greater understanding of the _ 
scientific basis of engineering practice. es | 

In their time the great fathers of the engineering profession were 
in a sense research workers. Their knowledge and experience were 
built upon a foundation of practical experiment, informed by an 
accumulation of traditional skill and craftsmanship. Their suc- 
cessors throughout the nineteenth century began to rely more and 
more on scientific knowledge, finding themselves in fact to be 


} 
practising the application of pure science to the requirement of 
mankind. The recent great development of scientific method, the 
instruments of high precision that are now available, and the 
resources of the research worker now provide the engineer with 
entirely new powers with which to analyse and solve his problems 
and to guide his design. It is the utilization of these new powers 
_ which now generally goes under the name of engineering research. 
__ Much advance has been made in engineering knowledge by 
_ individual engineers and by scientific workers in the Universities 
and Government and other laboratories; and work of a more 
- corporate nature has been carried out by several of the specialized 
_ engineering Institutions, the results of which have had a profound 
effect on engineering practice in many branches. It appeared to 
the Council that a large field of engineering was as yet uncovered 
by these activities and that the resources of The Institution should, 
in pursuance of the objects of the Charter, be made available for 
_ work in such fields. 
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TreRMS OF REFERENCE. 


__ The Council accordingly, in establishing the Research Committee, 
4 gave it wide terms of reference not wishing to exclude, by a more 
_ limited scope, work in any branch of engineering which might 
benefit from such assistance as Institution funds and membership 
could give. The Committee was entrusted with the duties of making 
_ recommendations of subjects for research and investigation, the 
formation of suitable committees to carry out such work, the 
- direction and co-ordination of the work of these committees, and 
recommending the form in which results of research are to be 
published. The Committee was also given the duty of maintaining 
_ contact with engineering research work of other institutions, societies 
and bodies and of dealing with all matters arising out of British 


s Standard Specifications. 


_ : CoMPOSsITION OF COMMITTEE. 


4 

i __ The Committee consists of twenty-two members, of whom twelve 
‘are members of Council and the remainder corporate members of 
“The Institution, of whom no less than five must be persons engaged 
in engineering research. The Committee is appointed by the Council 
yearly at the first meeting of the Council in each new session. 
Membership of committees and sub-committees appointed to carry 
out and direct research under the general supervision of the Research 
Committee is not confined to membership of The Institution. 


1 For Membership of Committees, see Appendix I (p. 30). 
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GENERAL Po.iocy. 


The Committee, while endeavouring to keep in touch with — 
engineering research in all branches, has mainly limited its activities 
to problems in branches of engineering not ordinarily covered by 
the programmes of specialized engineering Institutions. But — 
wherever such a problem appeared to be of interest to other Institu- 
tions, co-operation has been invited and this has resulted in active — 
participation in the work by other Institutions, by nominating — 
members to the directing sub-committees and in some cases by 
financial assistance. In certain cases joint committees with other — 
Institutions have been formed as the result of such co-operation. _ 

The Committee has adopted the general policy of making use of _ 
existing research organizations such as those of the Department of — 
Scientific and Industrial Research, the Universities and Technical | 
Colleges, and has made no attempt to set up any research organi-— 
zations of its own. The Council has, however, placed at the” 
disposal of the Committee a technically qualified member of the 
Institution staff, appointed specially for the purpose, who carries 
out the secretarial work of the Committee and of the various sub- 
committees, 


Co-oPERATION WITH OTHER Bopres. 


The Committee has explored the possibility of closer co-operation 
with the other engineering bodies directed towards a pooling of 
resources in the common interest of the advancement of engineering 
knowledge, but so far it has not been found possible for a variety o: 
reasons to achieve more than co-operation in dealing with ad hoc” 
problems. It will be seen, however, from the more detailed reports | 
which follow that this has resulted in active co-operation in investi- 
gating individual problems with the Institution of Electrical 
Engineers, the Institution of Structural Engineers, the Institution 
of Water Engineers, the Federation of Civil Engineering Contractors, _ 
the British Waterworks Association, the Water Companies’ Associa 
tion, the Iron and Steel Institute, the British Non-Ferrous Metals _ 
Research Association, and the British Committee on Large Dams of — 
the World Power Conference. 

The Committee wishes to acknowledge its indebtedness to the — 
large number of Institutions and bodies that have given or promised 
assistance in respect of the various researches, either financially or 
by the provision of facilities and materials. A detailed list of 
contributors is included in Appendix II. iu 
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FINANCE. 


__ On the recommendation of the Committee, the Council decided in 
_ July, 1935, to set aside a specific sum annually for expenditure on 
research. The amount thus made available was £1,000 in 1935-36 
_and £2,000 per annum thereafter, excluding the cost of staff and 

administration. The Council reserved the power to reconsider this 
_ level of expenditure at the end of 5 years. Whilst in October, 1937, 
the expenditure from the Research Reserve Fund authorized to be 
spent up to March, 1938, was £4,276 out of £6,200 provided by the 

Institution, this represents but a small proportion of. the total 
_ expenditure on the various research problems during the period the 
_ Committee has been in existence, generous contributions being given 
_by other bodies and particularly by the Department of Scientific 
_ and Industrial Research. 


CLASSIFICATION OF PROBLEMS. 
_ The researches may be classified under the general headings : 
o "Materials, Soil Mechanics, Hydraulics, Structures, and Specialized 


_ Engineering Practice and are as follows :— 

_ Materials. 

% Soil Corrosion of Metals and Cement Products. 
_ Vibrated Concrete. 

Soil Mechanics. 

___ _Earth-Pressures. 

ie Pile Driving. 


- Hydraulics. 
Velocity Formulas. 
- Wave-Pressures. 


Structures. 
Dams: Special Cements for Large Dams. 
Fish-Passes. 
- Reinforced Concrete: Reinforced-Concrete Structures for the 
Storage of Liquids. 
ok: Simply Supported Steel Bridges, including research 
on Wind-Pressures. 
Steel Structures. 
a Repeated Stresses in Structural Elements. 


; Specialized Engineering Practice. 
_ Earthing to Metal Water-Pipes and Mains. 
} oe ee for Use in Sewers. 


i 
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Detailed accounts of the progress of these researches up to October ' 
31st, 1937, are given in Part II of this Report. 

None of these investigations has as yet been completed. In 
connexion with the research on Vibrated Concrete, an Interim Repot t 
embodying the first year’s work has been published.1_ The drawing 
up of a code of practice for Reinforced-Concrete Structures for the 
Storage of Liquids is well advanced, and the recommendations for oF 
regulations in respect of Earthing to Metal Water-Pipes and Mains | 
have been completed and await approval by the bodies concerned, } 
The draft recommendations for Breathing Apparatus for Use in } 
Sewers have been completed with the exception of the specification o 
of apparatus, which awaits the completion of research being carried 
out at Birmingham University. 

The Committee, in the course of its work of studying Draft 
British Standard Specifications, has taken up the general question — 
of the relations of The Institution to the British Standards Institu- 
tion. It appeared to be of importance that, if The Institution were 
to be of fullest assistance to the British Standards Institution, there 
should be opportunities of seeing and commenting on draft special 
tions at an early stage. The Institution is represented on the 
Council of the British Standards Institution and is represented on 
the Engineering Divisional Council. As the result of negotiations 
with the British Standards Institution it has now been arranged for ~ 
The Institution to be represented on the Building Divisional Council, 
the Mechanical Industry Committee, and the Iron and Steel Industry 
Committee. Whilst it is probably difficult for The Institution, as 
such, to be consulted or to express any corporate opinion on Dra 
Specifications, there is no doubt that there is considerable value 
the British Standards Institution in having comments passed on te 
its various committees with the authority of a scientific committee 
such as the Research Committee. This aspect of the problem of : 
dealing with Draft Specifications has been fully recognized by the 
British Standards Institution, and it is satisfactory to record that 


there has thus been found a means of valuable co-operation between 
the two bodies, 


31st January, 1938. 


British STANDARD SPECIFICATIONS. 


| 
| 


1 Journal Inst, C.E., vol. 5 (1936-37), p. 435. (March 1937.) __ 
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PART II: REPORTS ON THE RESEARCHES. 


3 
Som Corrosion oF Mretrats AND CEMENT PRODUCTS. 


The corrosion of metals in soils is a familiar subject, but, until 
_ recent years, probably most engineers had regarded concrete buried 
_ in the ground as free from all danger of corrosion, except, perhaps, 
under rare and artificial conditions. The increasing occurrence of 
reports of severe corrosion of concrete in clay soils containing 
_ sulphate salts has, however, shown the need for far more information 
as to the conditions which are potentially dangerous and the cheapest 
effective protective measures. Corrosion of metal pipes in clay soils 
of this type has also often been reported, and it was with these two 
facts in mind that a Sub-Committee on the Effect of Sulphate Salts 
_ on Concrete in general and on Metal Pipes was appointed in 1935. 
A questionnaire was circulated to engineers throughout the country 
_ inquiring into the prevalence of corrosion and the type of soil in 
_ which it was found. The Sub-Committee also proceeded to draw up 
% a programme of research on the deterioration of concrete. At this 
_ stage it became evident that the research ought to be organized on 
__a wider basis so as to include all corrosive soil conditions and so as 
~ to permit the reorganization of the Sub-Committee to include repre- 
y : ; : , 
_ sentatives of the Corrosion Committee of the Iron and Steel Institute 
and the British Non-Ferrous Metals Research Association. The 
- latter had already carried out some preliminary research into soil 
“4 corrosion and the former had similar research under consideration. 
In addition, the Electrical Research Association had in progress a 
research, in connexion with the question of earthing, on corrosion 
~ of metals in various soils with and without the addition of common 
- salt, and it was considered that they should be represented on the 
committee. 
A new Committee was therefore formed to include members from 
he foregoing bodies and, in addition, from the National Physical 
aboratory, the Building Research Station and the Rothamsted 
Experimental Station. The terms of reference are as follows :— 


Po consider how knowledge of Soil Corrosion of Metals and 
3 Concrete can best be advanced, to propose research as 
may be necessary, and to allocate this to such organiza- 
tions as are willing to undertake the work. To provide 
the necessary co-ordination in such research and to 
prevent any duplication or overlapping therein.” 
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At the same time an additional Sub-Committee was formed to deal _ 
specifically with the corrosion of Cement Products. This Sub-— 
Committee has revised the programme of experimental work drawn _ 
up by the earlier committee, and it has received offers of considerable 
financial support from manufacturers and organizations interested 
in cement and concrete. The research envisaged will extend ove q 
10 years. Before making a final proposal for this research it was 
decided to make, in conjunction with the Building Research Station, — 
a preliminary investigation of sites suitable for the, burial and — 
exposure of test specimens, in order that some closer estimate of the 
total probable cost could be reached. 7 

A step preliminary to the examination of the corrosion of metals, { 
both ferrous and non-ferrous, has been the formation of a small — 
Sub-Committee to collect existing information and make recom- — 
mendations as to the investigations which are required. This Sub- — 
Committee reported in October, 1937, having made an exhaustive — 
and valuable summary of existing research into corrosion. 

From a study of work already recorded it became evident that 
the corrosion of metals was far more dependent upon the nature of — 
the soil, its composition and physical condition in respect of pervious- 
ness, moisture-content, etc., than upon any variations in type of | 
ferrous metal, or in the state of a non-ferrous metal. It was con- — 
sidered to be a necessary preliminary to the consideration of tests_ 
on various metals to concentrate attention on conditions of environ 
ment, and a Sub-Committee has accordingly been formed for this 


purpose. 


VIBRATED CONCRETE. 


In recent years, considerable attention has been paid to the 


little scientific study of the method has so far been made. It is 
every-day practice when packing granular materials to shake the 
container, so causing the grains to pack together into a denser mass, ~ 
and it is reasonable to suppose that if freshly-mixed concrete is 
vibrated suitably, the particles of cement and sand might similarly 
interlock more closely than would be possible with ordinary hand~ 
compacting. On the basis that a dense concrete is synonymous _ 
with a strong concrete, vibration-compacting may therefore be of 
considerable value. - 
It will be realized at once that if a wet mix is used, the maxim im 
consolidation can often be obtained by very little compacting, and 
the use of vibration is not likely in practice to increase the quality ’ 
of the concrete in such cases, In fact it is possible that the increased — 


' 
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motion given to the particles of the mix by vibration-compacting 

may be a serious disadvantage, as it may lead to segregation of 

_ the materials. With a very dry mix on the other hand, satisfactory 

consolidation is impossible by ordinary hand-ramming, but may be 

_ obtainable with suitable vibration. In this case the use of vibration 

_is very effective in producing a dense, strong concrete. 

Regarding the type of vibration to be applied in order to obtain 

_ the most successful and economical results there are three main 
factors to be considered :— 


(1) The frequency of the vibration. 
(2) The acceleration imparted to the concrete. 
(3) The power required to maintain the vibration. 


These three factors must be considered in relation to the time 

required to consolidate the concrete and the subsequent strength 

_ and surface appearance of the concrete. At the same time, informa- 

_ tion is required as to the best type of vibrator to use for particular 
_ jobs. The main types now available on the market are :— 


ef (1) External vibrators applied or clamped to the shuttering. 

“¥ (2) Internal vibrators placed in the concrete itself. These are 
a usually so dimensioned that they rise automatically when 
i; the concrete is set in vibration. 

__ (8) Surface vibrators which are moved about on the surface of 
c the freshly poured concrete. They consist of slabs upon 
a which one or more vibrating units are fixed. 


_ (4) Table vibrators used for pre-cast products. 


- ae May, 1935, a Sub-Committee of The Institution was set up to 
consider “the best means of investigating the effect of shaking, 
percussion, and vibrating of concrete during deposition, with par- 
ticular reference to the effects on setting and ultimate qualities of 
the concrete.” It was learned that the Institution of Structural 
_ Engineers had also formed a committee to consider the same 
_ question, and it was decided, therefore, to form a joint committee of 
_ the two bodies. 

_ At this time the problem had also been considered at the Building 
Research Station, and in fact a table vibrator had been designed for 
ibrating up to 2 cwt. of concrete under certain controlled condi- 
tions of frequency and acceleration. It was therefore convenient 
that the Sub-Committee should co-operate with the Building 
Research Station in an experimental investigation of the effects of 
bration-compacting. Accordingly this work was put in hand and 
tarted in April, 1936. 

- The investigation falls naturally into two parts :—first, a study of 


ao 
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the effects of varying the frequency, acceleration, and duration of f 
vibration on the strength and other properties of concrete, and — 
second, a study of the use of vibrators of all kinds in practice. The 
first part has now been completed; an interim report on the work ~ 
appeared in the March 1937, Journal * of The Institution and a 
second report appears in the April 1938, Journal.? 
The early work showed that the acceleration imparted to the mass 
of concrete is of much greater importance than the frequency of © 
vibration as regards the ultimate strength of the concrete. So long — 
as the vibration is sufficient to consolidate the concrete, there is, — 
however, a tendency for a better surface appearance to be obtained — 
with high-frequency vibration (up to 8,000 vibrations per minute). | 
Most of the tests have been made with a frequency of 3,000 vibra- 
tions per minute, and all with the table vibrator mentioned above, 

using normal Portland cement. Kn 
The acceleration and duration of vibration necessary for proper 
consolidation vary considerably for different concrete mixes, but in — 
most cases so far tested, there has been little gain in strength when / 
the acceleration has been increased from 5g to 10g or the duration 
from 3 minutes to 12 minutes. Some interesting results were 
obtained in this connexion with a 1-to-6 mix with a water/cement 
ratio of 0-60 (by weight). When this mix was vibrated continuously 
for several hours the strength subsequently obtained was increased _ 
considerably (70 per cent.) beyond that obtained with 2 minutes” 
vibration, and it was thought that the vibration might be affecting 
the setting process of the concrete. Subsequent tests, however, have 
shown that the results were due to a decrease in the water/cement 
ratio of the mass of the concrete, as water was brought to the 
surface by the vibration and allowed to run off. 
In all the work so far carried out, it appears that the propertie 
of vibrated concrete are merely the properties of a concrete in which 
satisfactory consolidation has been obtained with mixes which az 
drier than those associated with hand-compacting. The method of — 
vibration-compacting is one which extends the range of water/cement 
ratios towards lower limits than previously practicable. The 
strength and density can thus be improved, shrinkage and creep are 
reduced, and the bond with reinforcing steel is increased. 
It should be realized that the greater compactness of vibrated 
concrete with reduced water/cement ratios must lead to an increase 
in the quantities of dry materials required for a given volume of 
concrete. a 

It is important that, when vibration-compacting is used, 
1 Journal Inst. C.E., vol. 5 (1936-37), p. 485. (March 1937.) — 

2 Ibid,, vol. 8 (1937-38), p. 553. (April 1938.) : 
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mix should be designed accordingly. The use of a wet mix is 
undesirable, leading to segregation, and it may also result in very 
poor bond with reinforcing steel, particularly with horizontal rein- 
forcement, a layer of water and slurry being collected at the bar- 
surface. With regard to aggregate-grading, it appears that from 
strength considerations the grading is unimportant if the concrete 
can be well consolidated with the required water/cement ratio. 
Some gradings will, however, necessitate the use of more water or, 

_ alternatively, an increase in the power in order to compact properly, 
and some attention to grading is desirable. Generally speaking, 
with vibration-compacting the grading can with advantage be 
rather coarser than would be used with hand-compacting. 

_ In order that the second part of the investigation (a study of 
vibrators in practice) may be carried out in quantitative terms, it is 
necessary to devise an instrument by means of which the charac- 
teristics of the vibration of any part of the concrete may be measured. 
Such an instrument has already been designed, and a few trials 
have shown it to be fairly satisfactory, although it is rather large for 

use in the field; other smaller instruments are, therefore, being 

p designed. 


HARTH-PRESSURES. 


; In 1925, at the Southampton meeting of the British Association, a 
- Committee was appointed to study the question of Earth-Pressures. 
: From 1927 to 1934, an experimental investigation was conducted by 
Professor C. F. Jenkin, F.R.S., initially at Oxford University and 
i later at the Building Research Station. This work was carried out 
p under the aegis of the Department of Scientific and Industrial 
_ Research and in association with the British Association Committee 
4 on Earth Pressures. It culminated in two reports in 1934 on “ The 
_ Mechanics of Granular Materials” and “‘ The Experimental Investi- 
~ gation of the Mechanics of Clay.” The work is also recorded in the 
- Proceedings of the Royal Society,1 the Minutes of Proceedings of 
The Institution,? and in Engineering.8 At this stage Professor 
‘ Jenkin retired. His work was essentially a fundamental investi- 
- gation into the mechanics of granular material, and his later work 
was directed towards the investigation of the properties of kaolin. 
In January, 1936, by arrangement with the British Association 


he 
q 
£ j a C. F. Jenkin, “‘ The Pressure exerted by Granular Materials.” Proc. Roy. 
‘Soc. A,, vol. 131 (1931), p. 53. 

 t "- “The Pressure on Retaining Walls.” Minutes of Proceedings Inst. 
cE, “vol. 234 (1931-32, part II), p. 103. 

_ §—— “Predicting the Internal Motion of Sand.” Engineering, vol. 133 
(1932), p. 561, 
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and the Building Research Station, the British Association Com- 
mittée on Earth Pressures was replaced by a Sub-Committee of the — 
Institution Research Committee. The research which is now being — 
carried out at the Building Research Station follows more closely on 
the lines along which the modern science of Soil Mechanics is being ~ 
developed. It is concerned with the investigation of the mechanic al 
properties of soils as they exist in nature, and with the relation 
between the behaviour of structures and the properties of the soil — 
on which they are built. } 

The problems which are being studied can be divided into two — 
main groups, (1) those concerned with the settlement of structures, 
(2) those concerned with the stability of earth slopes. | 

In the first group the most important problem is that of the — 
settlement of buildings. The study of this problem involves (a) the 
recording of settlement observations, (6) the exploration of soil 
strata, (c) the laboratory examination of subsoil samples, (d) the 
estimation of the pressures.in the subsoil due to the building load, — 
and (e) the computation of theoretical settlements on the basis of © 
current theories. Observations of the movements of a building are 
taken in sufficient detail to enable settlement contours to be drawn — 
at various stages during construction and at intervals extendin a | 
over a period of time after the building has been completed. The — 
exploration of the soil-strata at a site is carried out by means of © 
well-boring apparatus, the number of bore-holes and the depth to — 
which they are sunk depending on the size and loading of the 
building. In addition “ undisturbed” samples are obtained from 
various depths by means of a special tool used in conjunction with — 


the well-boring apparatus, and these are used for laboratory examina-— 
1 
cedometer, and from the measurements taken the consolidation | 
| 
| 
| 


j 
z 
; 


| 
i 


t 
t 
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tion. The laboratory apparatus used is similar to the Terzaghi 
characteristics of the materials are determined. The distribution of 
vertical pressures in the subsoil due to the building load is caleu- 
lated on the assumption of the applicability of the Boussinesq theory 
and the theoretical settlement of the building due to vertical con- 
solidation of the soil is then computed from the consolidation — 
characteristics of the various soils within the sphere of influence of _ 
the building load. - 
The comparison between theoretical settlements and observed 
values is, of course, an important part of the research. It has 
already been possible to compare observed settlements with the theo- 
retical value of the settlement of a building on London clay, and 
promising results have been obtained. The present programm @ 
includes observations of a number of buildings in various parts of 
the country. The buildings are of similar design and it is hoped that 


ey 
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the results of these investigations will make it possible to check the 
applicability of present methods of settlement analysis to a range 
of soil types. 

The second group of problems is concerned with the stability of 
embankments, cuttings, retaining walls, dams, etc. The most 
important investigations which have so far been carried out have 
been concerned with the examination of shear slides in cuttings and 
embankments. The examination of shear-slide failures in earth 
slopes involves (a) the recording of data concerning the shape of 
the sliding surface, (b) the exploration of the soil-strata both in the 
earth bank and in the foundations below the bank, (c) the laboratory 

_ examination of the shear characteristics of the various soil strata, 
and (d) the stability analysis of the bank. 

The recording of data which will assist in defining the shape of the 
slip-surface is of importance, since most of the methods of stability 
analysis assume that this surface is of cylindrical form. Whilst 
there is evidence to support this assumption when a slide occurs in 
fairly homogeneous soils, an appreciable departure from the cylin- 

_ drical form may occur when the soil-strata are of widely different 
_ types. In exploring the soil-strata it is again important to obtain 
_ “undisturbed ” soil samples for laboratory examination. 
+ The investigation of the shear characteristics of soils still calls for 
research, and the application of the results of laboratory tests to 
_ practical problems is limited in some cases by the element of un- 
certainty in interpreting the test results. Three types of test are 
. used: (1) shear box, (2) ring torsion, (3) unrestrained cylinder 
compression. The apparatus for the first test is similar to the 
Krey-Casagrande apparatus and the shear strength of the soil is 
determined in contact with water under various loads. The other 
‘two tests have been described in the Paper on “ The Shearing 
Resistance of Soils,’ mentioned later.1 
_» A number of methods for analysing the stability of earth banks 
have been published, but probably the most useful of these is the 
method originated by Petterson and developed by Fellenius, Krey, 
Terzaghi, and others. This method assumes that failure takes place 
on a cylindrical surface and considers the stability of this cylindrical 
segment against rotation about the axis of the cylinder. 
___ By the courtesy of railway companies and other authorities several 
~ eases of slips in cuttings and embankments have been investigated, 
and the stability analyses which have been carried out using the 
— results obtained by laboratory tests have given confidence in the 
applicability of the methods to problems of this nature. 
4 
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A list of practical problems which it is considered should be 
embraced by the scope of the research is being drawn up, and a 
summary of present knowledge of soil mechanics is under prepara- 
tion at the Building Research Station. The following Papers dealing 
with the work since The Institution has taken an active part have 
appeared ‘in. the Journal.; - 


- Puz Drivina. 


In 1932 research on the stresses set up during the driving of 
reinforced-concrete piles was commenced at the Building Research 
Station. The work was carried on as a co-operative investigation 
in collaboration with the Federation of Civil Engineering Contractors, 
and was initiated as the result of difficulties experienced by con- 
tractors in driving piles under certain conditions of hard driving, 
where it was found impossible to comply with some specifications 
and at the same time to avoid serious damage to the piles. Excava- 
tion sometimes revealed unsuspected damage below ground, and 
uncertainty was felt as to the condition of piles driven on such sites. 
No information on the distribution of stress in the pile was furnished 
by the current static pile-driving theory, since this assumed uniform 
stress-distribution throughout the pile. 

The first stage of the work terminated in 1935, when a Paper was 
presented to The Institution,? in which a comprehensive theory of 
the stress phenomena was described. The analysis took account of 
the essential wave-character of the stresses, and was shown to be 
_ in agreement with the experimental side of the investigation which 
involved the recording of the stresses in driven piles, the examina- 
tion of the properties of head packings, and of the behaviour of 
concrete under impact. A summary of the investigation, accom- 
panied by working charts for the guidance of the engineer in avoiding 
damage to the piles, was published in the Journal for April, 1936.8 — 

In January, 1936, The Institution took a financial interest in this 
research and formed a joint Sub-Committee with the Federation of 
Civil Engineering Contractors and the Building Research Station. 

Certain practical suggestions for the improvement of pile-driving 
practice were made in the 1935 Paper,? and it was decided that 


1“ Report on the First International Conference on Soil Mechanics and 
Foundation Engineering.”” Journal Inst. C.E., vol. 4 (1936-37), p. 185. 
(November 1936.) ‘ 

“The Shearing Resistance of Soils.” Journal Inst. C.E., vol. 3 (1935-36), 
p. 333. (June 1936.) 

* W. H. Glanville, G. Grime, and W. H. Davies, ‘“‘ The Behaviour of Rein- 
forced-Concrete Piles During Driving.” Journal Inst. C.E., vol. 1 (1935-36), 
-p. 150. (December 1935.) q 

§ Journal Inst. C.E., vol. 2 (1935-36), p. 587. (April 1936.) 
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further work should, in the first.place, be concerned with the pro- 
duction of two suggested devices, an improved head-packing, and an 
instrument for the measurement of head-stress. 

It has been shown that the head-stress, and, in hard driving, the 
set, were largely dependent on the type and condition of the head- 
packing and in particular on its stiffness. An improved head-packing, 
of known and constant characteristics, would therefore emable the 
stresses in the pile to be controlled and would eliminate one unknown 
factor in bearing-capacity tests. The difficulty was to find a packing 
which did not consolidate during driving, but retained a reasonably 

low stiffness after repeated use. Asbestos packing gave somewhat 
- promising results, but it was felt that a mechanical device would 
afford the most satisfactory solution of the problem. A hydraulic 
buffer to replace the helmet and packing has now been designed, 
and a scale model constructed. The form of the pressure curve is 
governed by the passage of oil through an orifice, whose shape has 
been calculated to give a constant stress in the pile-head. No 
- information on the behaviour of such a device under impact was 
available, and the design had therefore to be checked by comparing 
records of the oil-pressure and stress in the pile-head. These tests 
are now being made with a 10-foot model pile. 
A simple device for the measurement of head-stresses was 
described in the report of the main investigation. Work has been 
continued on this instrument to enable it to be used with existing 
methods of pile driving. It is hoped ultimately to carry out 
research on the bearing power of piles, but this aspect awaits the 
satisfactory solution of the more urgent driving problems. 


=z Vzetocity Formvutas. 


~ The Sub-Committee on Velocity Formulas was formed as a result 
of a request from the International Executive Council of the World 
Power Conference for an opinion on the subject of velocity formulas. 
A Sub-Committee was formed in January, 1936, to investigate 
Velocity Formulas for Open Channels and Pipes. The following 
Panels were appointed :—- 


¥ 
P 
- (1) A Panel to evolve a basic formula universally applicable 
f 


to pipes and channels and to suggest research where 
information is required, and 

(2) A Panel to collect information with regard to channels and 
the effect of silt in suspension on the velocity of flow. 


‘The decision to form this Sub-Committee was largely due to the 
new method of approach to the problem initiated by the researches e. 
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of Prandtl and Nikuradse, and to the feeling that this work held 
promise of useful results for the practical engineer. Dr. C. M. White, 
a member of the Sub-Committee, had already been engaged in this 
research for several years, and work on the flow through artificially- 
roughened pipes and on the flow through channels was already under 
way at the time of its formation. These researches have been kindly 
placed at the disposal of the Sub-Committee. 

A definite stage in the research was marked by the publication by 
the Royal Society of a Paper, “ Experiments with Fluid Friction 
in Roughened Pipes,” by C. F. Colebrook and C. M. White.! 
Nikuradse, experimenting with pipes in which the roughnesses were 
of uniform size and closely spaced, found a comparatively abrupt 
transition from the “smooth” law (where the roughness of the 
surface has no effect on the flow) at slow speeds to the “rough” 
law (where the resistance depends upon the surface texture and is 
proportional to the square of the velocity) at high speeds. Surfaces 
of the nature of cast iron, wrought iron, or galvanized steel give 
results which indicate a much more gradual transition between the 
two resistance laws. These experiments show that with non- 
uniform roughness, transition is gradual, and in most cases so 
gradual that the whole working range lies within the transition zone. 
The resistance of a pipe is therefore a function not only of the size 
of the elements of roughness but also of their distribution. Con- 
sideration has also been given by the same Authors to the reduction 
of the carrying capacity of pipes with age. In a Paper published 
by The Institution 2 on this subject a theory is outlined, based upon 
the assumption that the size of roughness irregularities increases in 
direct proportion with time. The resulting formula for discharge is 
found to be not inconsistent with published experimental data. 
The Basic Formula Panel is now engaged in considering this work, 
and it is hoped to issue the results in the near future in the form of 
an interim report. 

In connexion with this research a questionnaire was issued to 
water-supply authorities, catchment boards, consulting engineers 
and others, seeking information correlating discharge with gradient. 
The results have been very disappointing, but this is not surprising 
in view of the small gradient concerned in the larger mains and 
channels, and complicating factors, such as bends, junctions, and 
variations in cross section. Reliance has therefore had to be placed 
on published results of observations with, in addition, some useful — 


~ 1 Proc, Roy. Soo. A., vol. 161 (1938), p. 367. 
* C. F, Colebrook and C. M. White, ‘‘ The Reduction of Carrying Capacity 
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observations obtained by one of the members of the Sub-Committee, 


Mr. W. N. McClean. 

The Channels Panel have been engaged in testing various formulas 
against such experimental data as can be obtained from various 
sources. In addition, evidence has been given before the Panel by 
eminent hydraulic engineers from India, Egypt, and the Sudan. 
Velocity formulas such as Manning’s and others of a similar nature 
are in the main derived from canals of smooth and regular section, 
and their application to natural streams is doubtful. With the 
multiplicity of roughness occurring in practice it seems also necessary 
to consider the roughness density, or the number of roughness 
elements per unit area. The problem is also complicated by the 
entrainment and transport of solids of various degrees of comminu- 
tion and density for which no generally recognized law exists. 


WaAvrE-PRESSURES. 


Owing to the lack of reliable information with regard to pressures 
exerted by waves on breakwaters and other similar structures, the 
International Navigation Congress held in Cairo in 1926 decided to 
form an International Committee for the purpose of investigating 
this subject. ‘This Committee had representatives from France, 
Spain, Italy, and Great Britain, the Chairman of the present Research 
Committee’s Sub-Committee being the British representative. 

At the meeting of the International Committee on 12th March, 
1928, in Paris, it was decided that each country represented on this 
Committee should study the question and carry out investigations. 
In France and in Italy a considerable amount of work has been 


- done in this connexion and very complete self-recording instruments 


have been erected on the breakwater at Genoa. A further meeting 


of the International Committee was held at Genoa in June, 1935, 


when the results obtained there were discussed. 
Nothing has so far been done in Great Britain although some 
years ago proposals put forward by the Admiralty to erect recording 


instruments at Peterhead were discussed with the Department of 


Scientific and Industrial Research who were willing to make a grant 


if satisfactory instruments could be acquired ; the opinion was, 


however, expressed by the late Sir Alfred Ewing that no records of 
any value would be obtained unless the instrument employed was 
capable of recording pressures down to at least zg second duration, 
and as the only instruments available of this nature at the time 
would have required an expert to use them, it was considered 


4 that the expense entailed would not justify the adoption of the — 
proposal. 
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Recent work, however, has made possible the recording of pres-. 
sures down to z@s5 second duration, and as a result, it was decided 
in May, 1935, to appoint a Sub-Committee to study the question. 

A closer investigation of the original proposal to place recording 
instruments at Peterhead revealed great difficulties and disadvan- 
tages in siting the experiments at this place. The general advance 
in the technique of model experiments, and in particular a preliminary 
experiment carried out at the City and Guilds College, indicated the 
probable value of this line of approach. It was finally decided to 
conduct a series of preliminary experiments over a period of 1 year. 
If the pressures recorded in the model can be correlated with the 
pressures obtained on a sea wall with waves of medium height, it 
should be possible to infer from the model the pressures corre- 
sponding to extreme wave-conditions. Already much information 
has been obtained of the nature of the breaking waves causing 
maximum impact with the help of slow-motion cinematograph 
records taken through a glass-sided tank. - 

The work is being administered by the Director of Building 
Research and is being carried out by Major R. A. Bagnold, under the 
supervision of Dr. C. M. White, at the City and Guilds College. 

The International Committee mentioned above is shortly to issue 
an interim report recording what has been done to date in France 
and Italy, and it is hoped that as the investigations proceed it will 
be possible to exchange information as to the progress of experiments. 


Specra, Cements ror LarcEe Dams. 


A problem of importance to engineers engaged in the construction 
of large concrete masses such as dams, is the reduction of shri C) 
cracks to the minimum possible. Whilst good design and con- 
struction, combined with the use of contraction-joints suitably 
disposed, will reduce the incidence of cracks, it does not eliminate 
them under modern conditions of rapid construction. The major 
cause of crack formation is now usually considered to be the thermal 
contraction of the mass as it cools from the relatively high tempera- 
tures produced within it by the heat evolved from the cement during 
hardening. An additional problem which has given rise abroad to 
serious deterioration of concrete dams is the leaching of lime from 
the set cement in the concrete by very soft waters such as are often 
found in mountain areas. : 

At the First International Congress on Large Dams, held in Stock- 
holm in 1933, attention was directed to the need for cements of 
special properties for use in concrete dams, stress being laid in 
particular on a low heat-evolution during hardening. The tests 


. = 
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used in normal cement specifications afford no indication of this 
property, nor of some others of importance, and a primary need was 
the development of suitable test methods. An International Sub- 
Committee on Special Cements was formed at the Stockholm 
Congress to provide a means whereby experience in different countries 
could be pooled. Following its formation, a British Sub-Committee 
on Special Cements was set up in May, 1934, as a sub-committee of 
the British Committee on Large Dams. The purpose for which it 
was set up was the investigation of methods of testing certain 
properties of cements which are of special importance in concrete 
dams and other large concrete structures, 

In January, 1936, the Sub-Committee was reconstituted as a Joint 
Sub-Committee of The Institution and of the British Committee on 
Large Dams. The committee is kept in touch with the work of 
similar committees abroad through the International Sub-Committee 


on Special Cements of the International Committee on Large Dams, 


on which it is represented by two of its members. 

The original Sub-Committee arranged for investigations to be 
made at the Building Research Station on the measurement of the 
heat of hydration of cements and of their relative resistance to 
leaching by soft waters, such as are found in many moorland and 
mountain areas. These investigations have now been completed. 
Subsequently the Joint Sub-Committee arranged for some preliminary 
tests on the shrinkage cracking of restrained concretes to be made 
in order to afford some comparison of the relative behaviour in this 
respect of a normal Portland cement, a Portland blast-furnace 
cement and a low-heat pozzolanic cement. Comparative tests have 
also been carried out in collaboration with investigators in France, 
Germany, Sweden, and the United States on the fineness of cements 


‘as measured by modern surface-area methods. Similar comparative 


tests on the heat-evolution of cements are to be made. The purpose 
of these tests is to compare the results given by different methods, 


and the reproducibility of the same method in different laboratories. 


The Sub-Committee has also under discussion a specification for low- 


heat cements. 

A report of the work of the Sub-Committee 1 was submitted to 
the Second International Congress on Large Dams, held in Wash- 
ington in September, 1936, and a summary of the present position 
with regard to special cements for dams was published in the 


Journal.?2 


4 Journal Inst. C.E., vol. 2 (1935-36), p. 175. (February 1936.) 
2 Journal Inst. C.E., vol. 5 (1936-37), p. 217. (February 1937.) , 
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FisH-PasseEs. 


The maintenance of fish life in rivers presents a problem of some 
importance where the passage of fish upstream is obstructed by | 
dams and weirs, in view of the fact that certain fish breed in the 
upper reaches of rivers. Some form of fish-pass has to be provided. 
Such structures are often costly to construct and, in addition, con- 
sume a considerable amount of water which would otherwise be 
conserved. When such wastage of water is not already necessary as 
compensation water, it represents a valuable and continuous loss. 

A Sub-Committee was accordingly formed in December, 1935, to 
carry out investigations to determine efficient forms of fish-pass for 
any given water flow and the minimum quantity of water necessary 
for any form. A scheme of research was prepared and arrangements 
made for the experimental work to be carried out by Dr. Paul 
Nemenyi under the direction of Dr. C. M. White in the civil engi- 
neering laboratories of the City and Guilds College. 

Many of the problems can be studied by scale-model hydraulic 
experiments checked by large-scale tests to correlate results with 
practical conditions. In addition, the research includes a study of 
existing forms of fish-pass. Passes may be classified as :— 


(1) the plain chute type ; ' 

(2) a plain channel with obstructions of various types placed in 
it to reduce the velocity of the water flow and, possibly, 
to afford places of shelter for the fish ; 

(8) a succession of pools with an overfall or submerged orifice — 
leading from pool to pool. ’ 


Essential features are the provision of a certain minimum size of 
opening between pools or obstructions dependent upon the type of 
fish, the maintenance of a maximum velocity within the power of 
_the fish to surmount, and the provision of sufficient flow to guide the 
fish to the entrance of the pass. Apart from this last consideration 
greater efficiency can be obtained with smaller flows. Results 
already obtained have indicated that maximum gradient and con- 
sequently minimum length of pass and cost of construction can be 
secured with the narrow, rough-channel type. There are, however, 
many other factors to be taken into account in considering the 
choice of type, various advantages and disadvantages being inherent 


in each. The research is now approaching completion and the 
preparation of a report is in hand. 
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REINFORCED-CONCRETE STRUCTURES FOR THE STORAGE OF 
LIQUIDS. 


In the Report of the Reinforced Concrete Structures Committee 
of the Building Research Board, issued in 1934, recommendations 
were made for a Code of Practice for the Use of Reinforced Concrete 
in Buildings; structures for the storage of fluids were expressly 
omitted from consideration. 

In normal reinforced-concrete design members are proportioned 
on the assumption that there is no tensile stress in the concrete. 
This presupposes that the concrete will be unable to resist the tensile 
stresses set up and that hair cracks will be formed. Whilst this is 
permissible in normal construction, it would lead to leakage in the 
case of structures for the storage of liquids, with resulting unsightli- 
ness and possible deterioration through corrosion of reinforcement, 
leaching-out of lime from the concrete, or frost action. Further- 
more, in liquid-retaining structures special regard must be paid to 
the proportioning of the concrete so as to ensure its impermeability. 

The lack of information and the need for guidance in respect of 
such structures led to the formation in June, 1935, of a Sub-Committee 
to investigate their design and construction and draw up recom- 
; mendations thereon. Panels were formed to consider the questions 
S of Materials, Design, Construction, and General Matters respectively. 


The work is now well advanced although some details of design are 
iz still under consideration. 

s The tendency to form cracks as a result of drying-shrinkage and 
ry 


the prevention of such cracking by suitable design are matters 
concerning which little information is available. In the hope of 
collecting data on the subject a questionnaire was addressed to 
certain experts on reinforced-concrete construction. The replies 
___ revealed a surprising lack of unanimity regarding the occurrence of 
such cracking and the practice concerning the spacing of joints to 
___ prevent or minimize it. 
=] The efficiency of joints in preventing cracking depends upon the 
____ extent to which they relieve constraint, and provision must there- 
fore be made for either sliding or to-and-fro movement at a jot, 
; as the case may be. In order to ensure watertightness under these 
-__ conditions bituminous jointing materials are commonly used. Little 
5 information is available concerning the behaviour of bituminous 
E jointing material under conditions of alternating tension and com- 
pression and under alternating shearing force, and a research 
; restricted to a study of its mechanical behaviour has been under- 
taken for the Sub-Committee by Professor R. G. H. Clements at the 
City and Guilds College. 
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Smmp_y SupporTeD STEEL BRIDGES. 


The recently completed revision by the British Standards Institu- 
tion of B.S.S. No. 153 Girder Bridges, Part 3, Loads and Stresses, 
made evident the need for guidance to engineers on such questions 
as impact allowances, lurching of locomotives, and other dynamic 
effects. The B.S.I. revision committee found that whilst the pro- 
visional formulas for impact allowance given in the 1923 issue of 
the specification could not be allowed to remain, agreement had not 
been reached on any one method to be used in its place. 

The Institution of Civil Engineers and the Institution of Structural 
Engineers decided that it devolved upon them to investigate such 
matters, and a Joint Committee, the appointment of which was 
welcomed by the British Standards Institution, was formed to 
devise a code of practice and advice in connexion with the design 
and construction of Simply Supported Steel Bridges. The inquiry 
was limited to simply supported bridges as it was felt that no general 
code could be formulated for more complex structures, which should 
receive individual consideration. 

The committee is investigating existing practice in various 
countries and is at the same time taking into account recent develop- 
ments in materials (such as the increasing use of high-tensile steel) 
and in design. An attempt is being made to place design on a 
rational basis so that theoretical requirements shall not be violated. 

Wind-Pressure on Bridges—In considering wind loads the com- 
mittee decided that there was insufficient information directly 
applicable to bridges. The work of Stanton and subsequent research 
does not cover the effect of the shape of cross section of members, 
shielding of leeward girders, the effect of bridge-flooring, and the 
obliquity of the wind. It was accordingly decided to institute a 
research into wind-pressures on simply supported bridges. The 
Department of Scientific and Industrial Research is assisting, both 
financially and by arranging for wind-tunnel tests to be carried out 
in the 7-foot wind-tunnel at the National Physical Laboratory. 

A scheme of research has been drawn up covering both plate- and 
lattice-girder construction, and a start on the tests has been made. 
In the case of the lattice-girder construction an investigation is 
being made in the first place into the possibility of replacing “‘ true- 
to-scale ’ model members by conventional members of equivalent 
rectangular section. It should then be possible to investigate the 
effects on the total pressure of the transparency-ratio, the spacing 
of main girders, the type of floor-construction, the presence of a 
train on the bridge, and other factors, using models with simple 
conventional members. . ' a" 
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Steet STRUCTURES. 


In April, 1936, the Final Report of the Steel Structures Research 
Committee was issued. As the result of their investigations this 
Committee proposed radical changes in the procedure of design and 
practice in respect of the magnitude and distribution of bending 
moments as between columns and beams. It was considered, how- 
ever, that before it could be hoped to bring the new methods into 
general use, they must be simplified and condensed into convenient 
rules for design. Accordingly in March, 1937, a Joint Committee 
was formed of the Institutions of Civil and Structural Engineers to 
formulate a code of practice for the use of structural steelwork in 
buildings, based upon the Final Report of the Steel Structures 
Research Committee. 


REPEATED STRESSES IN STRUCTURAL ELEMENTS. 


Since Sir William Fairbairn, in the middle of the nineteenth 
century, carried out experiments on the effect of slowly-repeated 
loadings on a built-up wrought-iron girder, little experimental work 
has been done on the effect of repeated stresses on fabricated elements. 
The classic work of Wéhler was carried out on machined specimens, 
; and during recent years a very large amount of work has been done 
¢! in Great Britain and other countries on machined specimens of 
é various metals. The effect of atmospheric and corrosive conditions 
bs on the fatigue of metals under stress has also received a considerable 
amount of attention. Mathematical analysis of certain simple cases 
and experimental investigation by optical and other means have 
shown that, under elastic conditions, considerable stress-concen- 


; i. trations may occur at discontinuities. 
cf It has also been shown that the fatigue resistance of steels that 
- have been quenched and tempered is very much lower in the “ black ” 


condition than after machining. It appeared to Professor F'. C. Lea 
that it was, therefore, a matter of considerable practical impor- 
" tance to continue the work of Fairbairn, and he instituted a 
y- research to determine the fatigue ranges of rolled sections such as 
ra are used in structural work, and to investigate the effect thereon of 
t riveted and welded joints. 

Certain preliminary experiments were made on black plates and 
on small riveted joints and bolted joints under repeated tensile 
_ stresses.1' In order to carry out experiments on unmachined welds 


Te c. Lea, ‘‘ Repeated Stresses on Structural Elements.” Journal Inst. 
C.E., vol. 4 (1936-37), p. 93. (November 1936.) 
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of plates and on various types of riveted and welded joints, used or 
proposed in structural work, it was necessary to design special 
machines. The preliminary experiments on a machine designed to 
test under bending rolled-steel joists up to a depth of 5 inches 
indicated that the resistance to repeated stresses of riveted and 
welded joints was much less than that of the original beam. 

In view of the significance of these results The Institution and the 
Department of Scientific and Industrial Research decided to give 
financial assistance to Professor Lea to enable him to carry out 
further work. A Sub-Committee of the Research Committee was 
formed to follow the progress of the research and assist in a con- 
sultative capacity. Considerable assistance in the provision of 
fabricated specimens was obtained from industrial firms. 

The programme of research consists of a main series of repeated 
bending-tests of rolled girders containing joints of various types, 
together with subsidiary static bending-tests and tensile, impact, 
hardness and bending-tests on specimens cut from the girders. The 
following series of girders were first prepared for test :— 


B.S. 5-inch by 3-inch by 11-Ib., as-rolled joists, with rivet holes 
in the tension flange. 

+ 4 . with a butt-welded joint at the 
centre. 

is 5 ’ with a fillet-welded cover-plate 
joint at the centre. 

vs ‘3 fy with a riveted cover-plate joint 
at the centre. 

Built-up welded girders 5 inches by 3 inches, consisting of a web 
fillet-welded to the flange 
plates. 

Similar girders after heat-treatment at 650° 0. 


Tests on the above series have been completed. These tests have 
shown the very great importance of the design and proper fabrica- 
tion of welds, and particularly the significance of interpenetration 
of weld- and parent-metal if safe repeated stresses are to be reason- 
ably high. ; 

Specimens have been or are being prepared for further tests as 
follows :— 


, (1) To ascertain the effect of multi-run as against cingle-ren 
fillets. ; | 


1, C. Lea and J. G. Whitman, “The Failure of Girders under Repeated 
Stresses.” Journal Inst. C.E., vol. 7 (1937-38), p. 119. (November 1937. ) 
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(2) For a series of tests using high-tensile structural steel (fillet- 
welds). 

(3) For a series with the flanges similar to short-stalked 
T-sections so that the webs may be butt-welded. 

(4) For a series using two different types of electrodes, laying 
respectively “smooth” and comparatively “rough 
surface ”’ fillets. 

(5) For a series with the sections welded to a central plate to 
simulate the effect of welded end plates or the direct 
welding of a beam to a stanchion. 


Consideration is being given to other types of joints and to other 
materials than carbon steels, 


Eartaine to Metran WatTer-Pires AND Mans. 


The Electricity Acts, 1882 and 1933, and the Electricity Supply 
Regulations arising therefrom, provide for the necessity of earthing 
a direct- or alternating-current system of transmission and distribu- 
__ tion, and also the metal-work enclosing or supporting electrical 
apparatus. The Factory Acts provide for similar and stringent. 
regulations for the safety of the operative in factories. Telegraph, 
telephone and wireless apparatus also necessitate in most cases a 
. connexion to earth, and it has been the custom for years in domestic 
a and other premises to earth electrical apparatus, conduits, and wire- 
less installations to the incoming water-services where such service 
___ exists. This forms the cheapest and best method, and usually pro- 
“f vides for a path of low resistance to earth. 

Many cases have arisen where corrosion of water-mains has been 


is attributed to such earthing, and there have been instances where 
____ electric shocks have been incurred during the repair of water-mains. 
S Whilst it is generally acknowledged that continuous current causes 


electrolytic corrosion where it leaves a metal conductor or pipe to 
Z earth, there is some doubt about the action of alternating current. 
fe In view of the importance of the subject to both electrical 
____ engineers and water engineers, a Sub-Committee on Earthing to 
____ Metal Water-Pipes and Mains was set up with the approval and 
__ eollaboration of the Institution of Electrical Engineers, the Institu- 
¢ tion of Water Engineers, the British Waterworks Association, and — 
the ‘Water Companies’ Association, with the following terms of 
4 reference :— 

. _ To explore the problem of possible injury to metal water- 
| pipes and mains through the earthing thereto of electrical 
installations, particularly in relation to alternating 


currents, with a view 
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(1) to investigating the existence and extent of such 
injury, research being carried out if necessary ; 

(2) to obtaining mutual agreement on the conditions 
under which earthing connexions to water-pipes and 
mains might be made; and 

(3) to formulating, if necessary, a set of regulations in 
respect thereof.” 


A Drafting Panel has been successful in reaching agreement on a 
set of draft regulations, which have now been submitted to the 
various Institutions and bodies represented on the Sub-Committee 
for their comments. 

In the course of their work, the Sub-Committee came to the con- 
clusion that although they had been able to agree on the draft 
regulations, some research was nevertheless desirable to ascertain 
the true facts regarding the possibility of corrosion due to earthing, 
and arrangements are in hand for the investigation of this question 
by the British Electrical and Allied Industries Research Association. 
The research proposed consists of the investigation of :— 


(i) The amount and effect of aggregate leakage-currents on 
water pipes. 
(ii) The possibility of partial rectification of alternating currents 
in underground water-supply systems 
(a) at earthing connexions ; 
(b) between metal pipes and the soil. 
(iii) The possibility of primary-cell effects in water-supply 
systems. 
(iv) The relation of the above to the question of corrosion. 


The.research is estimated to occupy 3 years, 


Breatuine APPARATUS FOR Use in SEWERS. 


In 1934 the Ministry of Health issued a Report on Accidents in 
Sewers with a supplement on Measures for Preventing Accidents in 
Sewers and Sewage Tanks. It was felt that a useful purpose would 
be served by a complementary document giving rules for the use of 
breathing apparatus in sewers, etc., somewhat on the lines of the 
Breathing Apparatus Order, 1924, for Coal Mines. 


A Sub-Committee was formed in November, 1935, with the follow- ° 
ing terms of reference :— 


“To examine and report on the necessity for prescribing 
practice for the use of self-contained breathing apparatus 
for use in sewers, tunnels, and similar civil engineering 
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works. In dealing with the matter the Sub-Committee 
should have regard to the publications on the subject by 
the Ministry of Health in 1934.” 


: It was realized at an early stage of the Sub-Committee’s delibera- 

_ tions that it would be impracticable and undesirable to specify 

conditions for tunnels and similar civil engineering works under 

construction. It was therefore decided that these should be ex- 
cluded from the purview of the rules. 

An early step was to examine existing types of breathing apparatus 
on the market. It was possible to suggest various modifications 
which would be improvements for the purpose in view, and Messrs. 
Siebe, Gorman have co-operated by making the suggested altera- 
tions and submitting apparatus for test. Tests have been made 
both at the Mines Testing Station, Doncaster, and at Birmingham 
University ; work at the latter place, although still in progress, is 
now nearing completion. It will be possible to specify the essential 
features of apparatus suitable for rescue work in sewers and confined 
Be spaces. 
= , the Sub-Committee proceeded to appoint a Drafting Panel to 
draw up Recommendations for the Use of Breathing Apparatus in 

Sewers. This work has been completed and the recommendations 
approved by the Sub-Committee. Before issuing their report it was 
decided to await the results of the tests of apparatus, as it is con- 
sidered desirable that a specification of apparatus should accompany 
recommendations for its use. 
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APPENDIX I. 


MemBeErsuiP or COMMITTEES. 


Research Executive Sub-Committee. 


Sir Clement D. M. Hindley, K.C.I.E., M.A. (Chairman). 
W. J. E. Binnie, M.A. 

Professor Gilbert Cook, D.Sc. 

W. T. Halcrow. 

R. G. Hetherington, C.B., O.B.E., M.A. 

Professor C. E. Inglis, 0.B.E., M.A., LL.D., F.R.S. 

G. G. Lynde. 

R. E. Stradling, C.B., M.C., Ph.D., D.Sc. 


Sub-Committee on the Effect of Soils containing Sulphate Salts 
on Concrete and Metal Pipes. 
(June, 1935, to December, 1936.) 
R. G. Hetherington, C.B., 0.B.E., M.A. (Chairman). 
W. J. E. Binnie, M.A. 
Eric Burt. 
J. R. Davidson, C.M.G., M.Sc. 
C. H. Desch, D.Sc., F.R.S. - 
George Ellson, 0.B.E. 
H. J. Escreet. 
A. F. Hallimond, D.So. 
C. L. Howard Humphreys, T.D. 
J. G. Kay. 
F. M. Lea, D.Sc. 
Alexander Melville (Since deceased). 
8. G. 8. Panisset (Since deceased). 
J. H. Smith. 
R. H. H. Stanger. 
J. D. Watson, 
F, Wilkinson. 
P. H. Wilson. 


Committee on Soil Corrosion of Metals and Cement Products. 
Sir George Humphreys, K.B.E. (Chairman). 
D, C. Crichton. 
E. M. Crowther, D.Sc. 
J. R. Davidson, O.M.G., M.Sc. 
C. H. Desch, D.So., Ph.D., F.R.S. 
8. B. Donkin. 
W. H. Hatfield, D.Met., F.R.S. 
R. G. Hetherington, C.B., O.B.E., M.A. 
J. G. Kay. 
Harold Moore, 0.B.E., D.Sc. . 
Professor G. W. Robinson, M.A. 
R. E. Stradling, C.B., M.C., Ph.D., D.Sc. 
H. G. Taylor, M.Se. 
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Sub-Committee on Soil Corrosion of Cement Products. 


. Hetherington, ©.B., 0.B.E., M.A. (Chairman). 
. Crichton. 

. Crowther, D.Sc. 

. Dancaster, Ph.D., M.Sc. 
. Howard Hamphieys, RABE 

. Kay. 

. Lea, D.Sc. 
ander Melville (Since deceased). 
. Robinson. 

. H. Stanger. 

. C. Taylor, M.C., M.A. 
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Sub-Commiittee to Collect Existing Information regarding 
Corrosion of Metals. 
W. H. Hatfield, D.Met., F.R.S. (Chairman). 
J. C. Hudson, D.Sc. 
Harold Moore, C.B.E., D.Sc. 


Sub-Committee on the Effect of Conditions of 
Environment on Corrosion. 


J. R. Davidson, C.M.G., M.Se. (Chairman). 
Alfred Brandt. 

E. M. Crowther, D.Sc. 

H. G. Dines. 

J. C. Hudson, D.Sc. 

F. M. Lea, D.Sc. 

H. G. Taylor, M.Sc. 


- Joint Sub-Committee on Vibrated Concrete with 
the Institution of Structural Engineers. 
. H. H. Stanger (Chairman). 
. J. E. Binnie, M.A. 
B 
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M. G. Du-Plat-Taylor. 

scar Faber, O.B.E., D.Sc. 
. H. Glanville, D. ao Ph.D. 
wW. T. Halcrow. 
RB. E. Holloway. 
_ W. L. Lowe- Brown, D.Eng., M.Sc. 
_ R. Travers Morgan, M.Eng. 
William Muirhead. 

- Stanley Vaughan, B.Sc. 
_ -W. H. Woodcock. 
— «G. Le R. Pimm (Since resigned). 
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Sub-Committee on Earth-Pressures. 


F. E. Wentworth-Sheilds, 0.B.E. (Chairman). 
Raymond Carpmael, 0.B.E. 

Professor Gilbert Cook, D.Sc. 

W. L. Cowley. 

T. E. N. Fargher, Ph.D., M.Eng. 

Professor A. R. Fulton, D.Sc. 

W. H. Glanville, D.Sc., Ph.D. 

Professor F. C. Lea, O.B.E., D.Sc. 

J. S. Owens, M.D., B.A. 

T. H. Seaton. 

Professor R. V. Southwell, M.A., F.R.S. 

R. E. Stradling, C.B., M.C., Ph.D., D.Sc. 
Professor W. N. Thomas, M.A., D.Phil., M.Sc. 
E. G. Walker, B.Sc. 

J. S. Wilson. 


Joint Sub-Committee on Pile Driving with The Federation of 
Civil Engineering Contractors. 


G. G. Lynde (Chairman). 


W. H. Glanville, D.Sc., Ph.D. 

Alexander Melville (Since deceased). 

G. B. R. Pimm (Since resigned). 

Sir Leopold Savile, K.C.B. 

R. E. Stradling, C.B., M.C., Ph.D., D.Sc. 


Sub-Committee on Velocity Formulas, 


W. J. E. Binnie, M.A. (Chairman). 
William Allard, 0.B.E., B.Sc. 
Alfred Bailey, M.Sc. 

A. A. Barnes. 

B. W. Bryan. 

J. R. Davidson, C.M.G., M.Sc. 
Professor A. H. Jameson, M.Sc. 
Gerald Lacey, B.So. 

J. M. Lacey. 

W. N. McClean, M.A. 

R. W. 8. Thompson, B.Sc. 

C. M. White, B.Sc., Ph.D. 


Sub-Committee on Wave-Pressures on Sea Structures. 


Sir Leopold Savile, K.C.B. (Chairman). 

A. L. Anderson, 0.B. 

Geoffrey Grime, M.Sc. 

G. G. Lynde. 

H, H. G. Mitchell, 0.B.E. 

R. E. Stradling, C.B., M.C., Ph.D., D.So, 

C. M. White, B.Sc., Ph.D. 

F._B. Young, 0.B.E., D.Sc. i" 


se 


REPORT OF THE RESEARCH COMMITTEE. 33 


Joint Sub-Committee on Special Cements with The British Committee 
on Large Dams of the World Power Conference. 


R. E. Stradling, C.B., M.C., Ph.D., D.Sc. (Chairman). 
D. C. Crichton. 

J. 8. Dunn, M.A., Ph.D 

R. G. Franklin. 

W. T. Halcrow 

B. M. Hellstrom. 

F. M. Lea, D.Sc. 

S. G. 8. Panisset (Since deceased). 

R. H. H. Stanger. 

W. H. Woodcock. 


Sub-Committee on Fish-Passes. 


W. T. Halcrow (Chairman). 
Reginald Beddington. 

Rustat Blake, M.A. 

W. F. H. Creber. 

T. E. Hawksley, B.A. 

David Lyell, C.M.G., C.B.E., D.S.O. 
A. M. MacTaggart. 


- William Malloch, B.Sc. 
_W. J. M. Menzies. 


T. E. Pryce-Tannatt. 


__ J.C. A. Roseveare. 


C. M. White, B.Sc., Ph.D. 


Sub-Committee on Reinforced Concrete Structures for the Storage of Liquids, 


W. T. Halcrow (Chairman). 
Professor Cyril Batho, D.Sc., B.Eng. 
H. J. Deane, B.E. 

Oscar Faber, O.B.E., D.Sc. 

W. H. Glanville, D.Sc., Ph.D. 


- 4H. J. F. Gourley, M.Eng. 
BR. G. Hetherington, C.B., 0.B.E., M.A. 


_F. O. Kirby, M.Sc. 


Sidney Little. 


H. B. Milner, M.A. 


H.C. Ritchie. 


W. L. Scott. 
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